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Effective:

ACTO DIGESTION FOR AQUEOUS SAMPLES AND EXTRACTS
ICP/Flame-AA

Scope and Application; This acid digestion is applicable to all aqueous sample matrices. A
nitric/hydrochloric acid digestion is used to prepare all samples
which are to be analyzed by flame atomic absorption spectroscopy
(flame-AA) or by inductively coupled plasma spectroscopy (TCP).
A nitric acid/hydrogen peroxide digestion is used to prepare
samples for analysis by graphite furnace atomic absorption
spectroscopy (GFAA).

Method; Nitric acid/hydrogen peroxide and nitric/hydrochloric acid digestions

Reference; "Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

Sample Handling Aqueous samples must be acidified with concentrated nitric acid to pH
< 2. Set up digestion as soon as possible; digested sample must be
analyzed within 6 months.

Reagents and Apparatus;

1. Hot plate
2. 250 mL beakers
3. 100 mL graduated cylinders
4. Class A volumetric glassware
5. Deionized (D.I.) water
6. Instra-analyzed nitric acid, or equivalent
7. Distilled nitric acid (GFAA digestion only)
8. Instra-analyzed HCI acid, or equivalent
9. Stock and standard metal solutions

10. Whatman #42 filter paper
11. Glass or plastic funnels
12. Watch glasses
13. 30% Hydrogen peroxide

Reagent Preparation;

1. Intermediate and working metal solutions: Refer to the specific metal SOP for
instructions on preparation.

2. LI Hydrochloric acid (HCI); Using a graduated cylinder, add 250 mL D.I. water to a
to a 500 mL (or 1 L) repipettor. Carefully add 250 mL of concentrated HCI and mix.

3. Id Nitric acid (HNOi); Using a graduated cylinder, add 250 mL D.I. water to a to a
500 mL (or 1 L) repipettor. Carefully add 250 mL of concentrated HNO3 and mix.
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Notes

1. A separate digestion is required for mercury analyzed by the AA-Cold Vapor
technique. (See "Mercury Digestion-Aqueous Samples")

2. All samples, duplicates, and spikes, as well as any required prep or digested blanks
and standards, must be carried through the digestion procedure.

3. If samples boil or go to dryness (any dry spots on the bottom of the beaker) at any
time during the digestion, some of the analyte may have been lost. The digestion
must be discarded and the affected samples must be reprepared.

4. If elevated analyte levels are expected, the spike concentration may be increased
accordingly.

Procedure;

Digestion Procedure for Flame-AA and ICP:

1. All glassware must be acid-washed with 1:1 nitric acid and thoroughly rinsed with
D.I. water prior to use.

2. Measure out 100 mL aliquots of samples, blanks, and standards into 250 mL beakers
using a graduated cylinder.

3. Add 2.0 mL of 1:1 HNOs and 10 mL of 1:1HC1.

4. Cover with a watch glass and heat on the hot plate for 2 hours or until the volume
has been reduced to between 25 and 50 mL. Adjust the temperature of the hot plate
as needed to prevent samples from boiling.

5. Allow samples to cool. If any insoluble material remains, filter samples through
Whatman #42 filters. Quantitatively transfer digested samples, blanks, and
standards into 100 mL volumetric flasks. Rinse beakers and filters with D.I. water
and dilute to volume to 100 mL.

6. Samples are now ready for analysis using the AA-flame or ICP methods.

Digestion Procedure for GFAA:

1. All glassware must be acid-washed with 1:1 nitric acid and thoroughly rinsed with
D.I. water prior to use.

2. Measure out 100 mL aliquots of samples, blanks, and standards into 250 mL beakers
using a graduated cylinder.

3. Add 1.0 mL of 1:1 HNOs and 2.0 mL of 30% fyOl

4. Cover with a watch glass and heat on the hot plate for 2 hours or until the volume
has been reduced to between 25 and 50 mL. Adjust the temperature of the hot plate
as needed to prevent samples from boiling.
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5. Allow samples to cool. If any insoluble material remains, filter samples through
Whatman #42 filters. Quantitatively transfer digested samples, blanks, and
standards into 100 mL volumetric flasks. Rinse beakers and filters with D.I. water
and dilute to volume to 100 mL.

6. Samples are now ready for GFAA analysis.

Quality Control:

1. A digested blank and standard (spiked blank) must be included with each batch of
samples that is digested. The blank is a check for possible contamination during the
digestion process; the standard is a check for possible analyte loss during digestion.

2. A matrix spike and duplicate must be prepared, at a minimum, for every 10 samples
digested. If fewer than 10 samples are digested a spike and duplicate are still
required.
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Partn Effective; '6 - l«_1i____

INDUCTIVELY COUPLED PLASMA - ATOMIC EMISSION SPECTROMETRIC METHOD *

Scope and Application; Metals in solution can be readily analyzed by atomic emission using an
inductively coupled plasma. Dissolved metals are determined in
filtered and acidified samples. Total metals are determined in
acidified, but unaltered samples. Appropriate steps must be taken in
all analyses to ensure that potential spectral interferences are taken
into account. . .

Method; Inductively coupled plasma - atomic emission.
Reference; "Methods for Chemical Analysis of Water and Wastes", Method 200.7 EPA

1984.

"Inductively Coupled Plasma - Atomic Emission Spectroscopy", Method 6010,
SW-846, November 1986.
"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990
"Instructions: Plasma 40 Emission Spectrometer", Perkin-Elmer, 1987.

Sample Handlings Acidify aqueous samples with concentrated nitric acid to pH <2. All
samples must be digested prior to analysis (refer to appropriate
digestion procedure). All samples must be analyzed within 6 months
of sampling date.

Reagents and Appartusj

1. Plasma 40 Perkin-Elmer ICP Spectrometer
2. Argon (liquid; "high purity'' or gaseous: "prcpurified" grade)
3. Stock and intermediate metal standard solutions
4. EPA, ERA, or other reference standard solutions
5. Nitric acid, cone, (instra-analyzed or equivalent grade)
6. Class A volumetric glassware
7. Deionized water
8. Disposable 15 mL centrifuge tubes
9. 100 uL Eppendorf pipetter
10. 5 or 10 mL Oxford pipetter
11. Yttrium or Scandium stock solution
12. IBM AT Computer or equivalent
13. Epson 800 printer

Procedure;

Instrument Set-Up Procedure for Plasma 40:

1. Turn ON power switch if necessary (routinely left ON throughout week). Allow 1
hour for RF generator to warm up and electronic and optical components to achieve
thermal equilibrium.

^ Note: Only the results of the analysis for tin will be reported for this project.

(METCONT.199J ICPC2-1
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2. Perform daily maintenance as specified in Maintenance Procedures: check pump,
pump tubing, and nebulizer tips for wear, cleanliness, etc.

3. Turn on argon at tank. The first three indicator lights on the ICP (Power, RF ready,
Interlock) should light.

4. Lock pump tubing in place, raise torch to the "ignite" position, and press "RF
on"

5. When plasma ignites, lower torch to the run position (the injector tip should be even
with or just below the bottom of the lowest RF coil).

6. Turn on pump and aspirate rinse water*. Allow plasma to stabilize 30 to 40 minutes
before starting analysis.

Computer Start-Up Procedure:

1. Turn computer and printer power on (the computer will automatically start with a
memory check).

2. Type CD ICP and press Return to enter the ICP directory. Then type ICP and press
Return again to load software (approximately 10-15 seconds).

3. Perform a BEC check as specified in Maintenance Procedures. The EEC and CV
values must be within the specified range before any analysis is done.

Sample Analysis:

1. Before starting analysis, for each element to be analyzed:

a. Press Fl to select the Element mode, type the appropriate element file name and
press Alt F9 to retrieve it from Library.

b. Press F8 to select Spectrum mode.
c. Analyze a single clement standard at approximately 2-10X the IDL.
d. Analyze the ICS AJB solution.

e. Analyze 1-3 samples representative of the digestion set
f. Compare the displayed spectra to check for spectral interferences. Reset

background correction points as needed. If there are overlapping peaks or other
spectral interferences present, an alternate wavelength or intcrelement
correction must be used.

g. Press F8 to leave the Spectrum mode. If wavelength calibration or background
correction points were changed, press F9 to save the changes.

Rinse water should be D.I. water with a small amount of liquid detergent (such as
Liqumox or Whisk) added to improve wetting of tubing and spray chamber.
Approximately 1-2 mL of soap per 500 mL water should be sufficient.

[METCONT-199] ICPC2-2
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2. To store a list of sample labels to be used for the analytical run, select Report mode
(F3), then ID/Wt mode (F8). Enter a file name, type in N (no) in the field for raw
emission counts, me/L for uncorrected units, and leave the corrected units field
blank. Enter sample labels in the sample ID field in the exact order of analysis;
include all check standards, QC samples, etc. If it is possible that additional samples
may be added to the end of an analytical run (dilutions, post-digestion spikes, linear
range standards, etc.) add additional sample labels to the ID/Wt file in the form of
single letters (A, B, C, etc.) and manually write in the correct sample labels after the
analytical run is completed. Alternatively, a new ID/Wt file may be created after the
analytical run is completed (in this case the raw data must be reprinted with the new
file by selecting Report Format 1 (F5) in the report mode and responding to the
prompts). Save ID/Wt files by pressing F9 (to library).

3. Press F2 to select the Method mode.

4. Type the method file name and press Alt F9 to retrieve the desired method panel
from Library, or create a new panel using existing element files. Standard conditions
are 35 second read delay, 2 replicates per sample, report format #2 and a data file

• * . « • . .** •*•. * • » » -". * _ »^_ - _ -. _. __ _

element file.

5. Add vttrium (or scandium) stock solution (1000 mg/L) as an internal standard to all
standards, blanks, and samples in a ratio of 0.1 mL yttrium stock to 10 mL sample.
This allows automatic correction for matrix differences in viscosity, surface tension,
etc.. If the autosampler is to be used, samples can be pipetted directly into 15 mL
centrifuge tubes. Otherwise mix sample and yttrium in small disposable beakers.

kIf autosampler is used:

1. If the autosampler is to be used, load sampler starting with the calibration standards
in order of decreasing concentration (highest concentration first, calibration blank
last).

2. Start automatic run (F5). Respond to the prompts that appear at the bottom of the
screen:

a. "Press start function key to begin this analysis": press F5

b. "Enter ID/Wt file": type ID/Wt file name and press Return.

c. "Do you wish to rinse between tubes (Y or N)": type Y and press Return. N
may be selected only for clean samples where no carry-over problems are
anticipated Always rinse between samples when analysis is following CLP
protocols, or analyzing for Sb, Cr, or Zn.

Note: The ICP autosampler will be used for all analytical runs except in the event of mechanical
failure.

IMETCONT.199J ICPC2-3
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d. "Enter position of the last sample in tray": type appropriate number and press
Return (you may wish to enter a number several positions past the last sample to
allow room for the addition of necessary dilutions, etc. at the end of the run).

e. "Do you wish to re-standardize (Y or N)": type N or Y and press Return. N is
usually selected. Y will allow ^standardization of the instrument during an
automatic run but additional autosampler positions will be unavailable for
samples. If Y is selected, additional on-screen instructions will prompt for
position of additional calibration standards.

f. "Do you wish to wavelength calibrate during the analysis? (Y or N)": type N or
Y and press Return. N is usually selected. Y will allow recalibration of all
wavelengths used in the current method before analysis is started but additional
autosampler positions will be unavailable for samples. If Y is selected, additional
on-screen instructions will prompt for position of additional wavelength
calibration standards. The system will then begin the analysis.

3. When the analysis Is complete press F2 to select Method mode before exiting
software to ensure the data file is stored permanently. Then set up the next panel,
return to Report mode to set up a new ID/Wt file or reprint data, or press ESC to
exit the ICP software.

If samples are to be run manually;
1. Press F2 to start a manual run and respond to prompts to calibrate instrument:

Press F6 (Standard), aspirate the first calibration standard and press Return. At the
prompt, aspirate the next standardfs) and press Return. When all calibration
standards have been analyzed press F5 (Blank) aspirate the calibration blank and
press Return. This completes the instrument calibration.

2. To analyze samples, type in sample label if needed, press F7 (Sample), aspirate
sample and press Return. Repeat with all samples in the run.

Computer Shut-Down Procedure;

1. When analysis is complete press F2 (Method mode). At the message "Do you wish
to quit method"? TypeY.

2. Press "ESC". At the message "Do you wish to quit method?" TypeY.
3. Turn off computer power switch.

4. Turn off printer.

Caution: Never turn off computer power while still using ICP software. This can
cause partial loss of files and other errors,

Instrument Shut-Down Procedure;

1. Aspirate a dilute nitric acid solution (approx. 10%) for 1 to 2 minutes to clean
sample introduction system.

(METCONT-199J ICfCM
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2. Aspirate D.I. water for 5 minutes to rinse system thoroughly.

3. Turn off pump and release pump tubing.
4. Press "RF off to extinguish plasma.
5. Shut off argon flow at tank.
6. If the ICP will not be used for 2 days or more, turn off ICP power switch.

Otherwise, leave the ICP power ON.
Quality Control;

1. Establish a standard curve with the appropriate calibration standards plus a blank.
Record the emission count for the internal standard in the ICP log book. The
emission count should remain consistent from run to run. If not, necessary
troubleshooting must be performed before continuing (check pump tubing,
nebulizer tips, nebulizer flow, wavelength calibration, etc.).

2. The ftrst analyses for each analytical run are, in order

a. Initial calibration verification standard (ICV)
b. Initial calibration blank (ICB)
c. Initial standard at 2X the CRDL (CRI). Note: The CRI is not necessary for Ca,

Mg, Na or K.
d. Initial interference check sample, solution A (ICSA).

e. Initial interference check sample, solution AB (ICSAB)
f. Laboratory control standard - an ERA, EPA, or other reference standard

digested with the sample set (LCS)

To continue with sample analyses, the ICV must be within 90-110% of the true value, the
ICB must be less than the CRDL, and the LCS and ICS solutions must be within 80-
120% of the true value. If these QC criteria are not met, discontinue the analytical run
and perform necessary troubleshooting.
3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are to

be analyzed, a duplicate and spike are still required. Duplicates and spikes are to be
within required control limits or the data must be flagged appropriately (N for
spikes, * for duplicates). Additionally, if a digested spike is outside required control
limits, a post-digestion spike must be analyzed for that sample.

4. For each sample batch (same matrix and project) one sample must be analyzed at an
additional SA dilution for the ICP serial dilution analysis (L). If the original sample
concentration is at least SOX above the IDL, the serial dilution must agree within
10% of the original sample concentration or data for all associated samples must be
flagged appropriately (E).

[METCONT-199] ICPC2-5
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5. A continuing calibration verification standard (CCV) and blank (CCB) are to be
analyzed, at a minimum, after every 10 analyses. If less than 10 analyses are
performed, a CCV and CCB are still required. The last samples analyzed in the run
are to be a CCV and CCB. The CCVs must be within 90 • 110% of the true value or
the samples run after the last acceptable calibration standard are to be reanalyzed.

6. At the end of each analytical run, but before the final CCV and CCB, the CRI, and
ICS solutions A and AB are to be reanalyzed. The ICS must be within 80-120% of
the true value or the samples run after the last acceptable calibration verification
standard are to be reanalyzed.

7. Refer to the appropriate Quality Assurance Project Plan (QAPP) for project specific
QC information (additional QC requirements, matrix spike and duplicate control
limits, etc.).

8. Detection limit verifications and linear range analyses must be performed each
quarter. Interelement correction factors are to be determined annually at a
minimum. Interelement correction factors must be recalculated on an analyte and
wavelength specific basis any time background correction points are changed in an
element file. Additionally, for greatest accuracy, interelement correction factors
should be re-determined for any analytical batch that is expected to have high
concentrations of common interferents (e.g. any soil, sediment, sludge, or leachate
matrix).

Daily Maintenance Procedures • Plasma 40

1. Pump rollers: With the pump on, feel along the bottom of the pump to determine
that all the rollers are turning smoothly with no resistance or pulling. If a "sticky"
roller is found a service call must be placed to Pcrkin-Elmer to correct the problem.
A sticky roller will cause rapid deterioration of pump tubing resulting in erratic
results.

2. Pump :ubtng: Check pump tubing for excessive stretching, soft or flattened spots.
This can cause irregular or diminished sample flow resulting in reduced sensitivity
and lack of precision in sample results. When pump tubing is changed, (usually after
6-8 hours of use) it is necessary to trim ends of the new tubing so the length from the
black stops to the end of the tubing is kept constant. Failure to trim tubing ends can
cause imprecise results due to a longer sample read delay.

3. Nebulizer tips: Remove nebulizer end cap and check nebulizer tips visually and with
the cleaning wire for clogs, salt build-up or other deposits. Follow the instructions in
the Plasma 40 operating instructions for replacing nebulizer tips if necessary (Part 2,
pg 3-8). Used tips may be cleaned by soaking overnight in 10% nitric acid followed
by thorough rinsing with D.I. water. Finally, with the argon on, aspirate water and
observe the spray pattern. The nebulizer should produce a fine, even mist with no
large droplets with the direction of the spray approximately perpendicular to the
face of the end cap (should not deviate more than about 20*). If the spray pattern
looks uneven, "benr, or is pulsing excessively, recheck pump tubing and review
nebulizer maintenance to correct the problem.
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4. BEC check: This is an indication of how well the ICP system is performing. After
the plasma has been ignited and allowed to stabilize for 30-40 minutes perform the
following steps:
a. At the DOS prompt type ICP and press Return to load software.
b. Type MnBEC and press Alt F9 to retrieve this method from Library, Press F6 to

start a manual run.
c. Press F6 again (standards), aspirate a 1.0 mg/L Mn standard and press Return.

The ICP wTll analyze 10 replicates of this standard. The Coefficient of Variance
(CV) for these readings should be <2.0. If a higher values is obtained a sample
introduction or instrument calibration problem is indicated. Check pump tubing
and wavelength calibration for Mn and repeat the analysis. Record the CV in the
maintenance log book.

d. Press F5 (blank), aspirate a blank, and press Return to complete the calibration.
f. Turn off the torch (RF off), aspirate D.I. water, and press F7 (sample). The

resulting concentration should be < (0.040). If a higher value is obtained, a
problem with the sample introduction system is indicated. Review maintenance
and, if the problem cannot be corrected, place a service call with Perkin-Elmer.
Record the BEC in the maintenance log book.

L Re-light the torch and press ESC to end the manual run. Allow the plasma to
stabilize 10-15 minutes before beginning any analysis.

5. Final rinse: When analysis for the day is complete, aspirate dilute (approx. 10%)
nitric acid for one or two minutes followed by D.I. water for approximately 5
minutes. This will help prevent deposits from building up in the sample introduction
system. Remember to release pump tubing when completed.

Weekly Computer Backup;

1. Once a week data files should be copied to floppy disks and deleted from the hard
disk. Data files on floppy disks should be saved for one year.

2. Periodically (every 1-3 months depending on work volume), files should be reviewed,
old files deleted and the entire system backed-up.

Other Maintenance;

1. Occasionally, additional maintenance will be necessary to correct problems arising
from time and wear on the system. Any additional maintenance performed
(including P.E. service calls) should be listed in the maintenance logs. These include
periodic cleaning of the torch assembly, inspection of O-rings in torch assembly, and
wavelength recalibration. Generally, these procedures will only be performed in
response to observed problems. Refer to the Plasma 40 operating manual for
specific directions.

[METCONT499J ICPC2-7
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ICAP CALIBRATION STANDARDS

Wave- Detection CaLStd. Cal.Std. Cal.Std. ICV CCV
Element length Limit(ug/L) l(ug/L) 2(ug/L) 3(ug/L) (ug/L) (ug/L)

Al
AJ
Sb
Ba
Be
Cd
Cd
Ca
Cr
Cr
Co
Co
Cu
Cu
Fe
Pb
Pb
Mg
Mn
Ni
Ni
Ag
Nu
Sn
V
Zn

237.335
396.152
206.833
233.527
313.107
228.802
214.438
317.933
267.716
205.552
238.892
228.616
324.754
224.700
238.204
220.353
216.999
285.213
257.610
352.454
232.003
338.289
330.237
189.989
292.402
213.856

50
50
50
10
5
5
5

1000
10
10
50
10
10
20
20
100
100
1000
10
20
20
10

2000
200
50
10

20,000
20,000
2000

10,000
1000
1000
1000

200,000
10,000
10,000
10,000
10,000
10,000
10,000
20,000
10,000
10,000
100,000
10,000
10,000
10,000
1000

100,000
10,000
10,000
10,000

400
400
500 250
200
20
50
50

10,000
500 200
500 200
200
200
100
100
200
500
500
5000
100
100
100

50
5000
1000
500 250
100 50

2500
2500
1000
500
250
500
500

10,000
1000
1000
2500
2500
1000
1000
1000
5000
5000
10,000
500
1000
1000
500

20,000
2500
2500
500

4000
4000
1000
2000
200
200
200

80,000
2000
2000
2000
2000
2000
2000
4000
2000
2000

40,000
2000
2000
2000
200

40,000
5000
2000
2000
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ICAP CALIBRATION STANDARDS

ICAP calibration standards are prepared from both multi-element stock solutions
purchased from SPEX Industries (custom mixed standards) and single element stock
solutions from VWR and Baxter (Ricca or Mallmckrodt as available).

XWE-1

2000 mg/L Fe
lOOOmg/LCu
lOOOmg/LMn
lOOOmg/LNi
1000 mg/L Zn

XWE-2

20,000 mg/LCa
10,000 mg/LMg
10,000 m^LNa

XWE-6a

500 mg/L Pb
250mg/LCo,Al
lOOmg/LCu, Ni, Fe,Cr
50 mg/LBa, Cd, Ag, Zn, Mn

XWE-3a

1000 mg/L Cr
1000mg/LPb
lOOOmg/LV
lOOmg/LCd

Single Element
Stock Solutions

1000 mg/L

Sb Ag
Be Naa v
Q Zn
Mg Sn

XWE-4a

2000 mg/L Al
1000 mg/L Ba
1000 mg/L Co
100 mg/L Be
100 mg/L Ag

Calibration Standard #1:

1. ForAl,Ba,B^Cc^Ca.Cr,Co,Co,Fe,Pb,Mg,Mn,Ni,Ag,Na,V,Zn: IntoalL
volumetric flask, add 500 mL of de-ionized (D.I.) water and 50 mL of
concentrated HCI. Pipet 10 mL each of XWE-1, XWE-2, XWE-3a, and XWE-
4a. Dilute to volume with D.I. water.

2. For Sb: Into a 500 mL volumetric flask, add 250 mL of D.L water and 25 mL
of concentrated HCI. Pipet 1.0 mL of 1000 mg/L Sb stock solution. Dilute to
volume with D.I. water.

3. For Sn: Into a 500 mL volumetric flask, add 250 mL of D.I. water and 25 mL of
concentrated HCI. Pipet 5.0 mL of 1000 mg/L Sn stock solution. Dilute to
volume with D.I. water.

Calibration Standard #2:

1. For Al, Ba, Be, Cd, Ca, Cr, Co, Co, F^ Pb, Mfe Mn, Ni, Na, V, and Zn: First
prepare 10X dilutions each of XWE-1, XWE-2, XWE-3a, and XWE-4a. Then,
into a 1 L volumetric flask, add 500 mL of D.I. water and 50 mL of
concentrated HCI. Pipet 1.0 mL of XWE-1 (10X dilution), 5.0 mL of XWE-2
QOX dilution), 5.0 mL of XWE-3a (10X dilution), and 2.0 mL of XWE-4a (10X
dilution). Dilute to volume with D.I. water.
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2. For Sb: Into a 200 mL volumetric flask, add 100 mL of D.I. water and 10 mL
of concentrated HO. Pipet 50 mL of Sb Calibration Standard #1 and dilute to
volume with D.I. water.

3. For So: Into a 200 mL volumetric flask, add 100 mL of D.I. water and 10 mL of
concentrated HC1. Pipet 20 mL of Sn Calibration Standard #1 and dilute to
volume with D.I. water.

Calibration Standard
1. For Cr, Ag, V and Zn: First prepare intermediates as follows:

50 mg/L Ag and Zn: Into a 100 mL volumetric flask, add 10 mL of
1:1 HC1. Pipet 5.0 mL each of single element Ag and Zn stock solutions
and dilute to volume with D.I. water.
100 mg/L CR Into a 100 mL volumetric flask pipet 10.0 mL of single
element Cr stock solution. Add 5 mL of 1:1 HG and dilute to volume with
D.I. water.
50.0 mg/L V: Into a 100 mL volumetric flask pipet 5.0 mL of single element
V stock solution. Add 5 mL of 1:1 HC1 and dilute to volume with D.I.
water.

Then, into a 500 mL volumetric flask, add 250 mL D.I. water and 25 mL of
concentrated HCI. Pipet 1.0 mL of 100 mg/L Cr intermediate, 0.5 mL of 10
mg/L Ag-Zn mixed intermediate, and 2.5 of 50 mg/L V intermediate. Dilute to
volume with D.I. water.

2. For Sb: Into a 100 mL volumetric flask, add 50 mL of D.I. water and 10 mL of
1:1 HCI. Pipet 50 mL of Calibration Standard #2 and dilute to volume with
D.I. water.

Initial Calibration Verification:

1. ForAl,Bo,Be,Cd,Ca,Cr.Co,Cu,Fe,P1),Mg,Mn,NI,A«,Na,V>andZnj Into
a 1 L volumetric flask, add 500 mL of D.I. water and 50 mL of concentrated
HCI. Pipet 10 mL of XWE-6a, 10 mL of 1000 mg/L Mg stock, 10 mL of 1000
mg/L Ca stock, and 20 mL of 1000 mg/L Na stock solutions. Dilute to volume
with D.I. water.

2. For Sb: Into a 500 mL volumetric flask, add 250 mL of D.I. water and 25 mL of
concentrated HCI. Pipet 0.5 mL of 1000 mg/L Sb stock and dilute to volume
with D.I. water,

3. For Sn: Into a 1 L volumetric flask, add 500 mL of D.I. water and 50 mL of
concentrated HCI. Pipet 2.5 mL of 1000 mg/L Sn stock and dilute to volume
with D.I. water.

IMETALS-349] ICAP-3
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Continuing Calibration Verification Standard;
1. ForAl,Ba,Be,Cd,Ca,Cr,Co,Cu,Fe,Pb,Mg,Mn,Nf,Ag,Na,V,andZn: Into

a 1 L volumetric flask, add 500 mL D.I. water and 50 mL of concentrated HCI.
Pipet 2.0 mL each of XWE-1, XWE-3a, XWE-4a, and 4.0 mL of XWE-2.
Dilute to volume with D.I. water.

2. For Sb: Use Sb Initial Calibration Verification Standard.
3. For Sn: Into a 200 mL volumetric flask, add 100 mL D.I. water and 10 mL of

concentrated HG. Pipet 1.0 mL of 1000 rag/L Sn stock and dilute to volume
with D.I. water.
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TT'd WWi2:0J T66T '2 OTb 981,9 Bfrg 6T6 :Q1 Xbd tOINO>1:WOad



Part m: Additional Information

1. Working Linear Range: The working linear range is specific to each element and
wavelength. Linear ranges are determined quarterly, at a minimum, and any time method
or calibration parameters are changed. Linear range information is reported on Form 12
of the final data package.

2. Interferences and Corrective Actions: The possible presence of spectral interferences
(including interelement interferences) is evaluated for each batch of samples ("batch"
refers to samples of the same project, matrix, and digestion set) and corrected as outlined
in the Sample Analysis section of Part II. The presence and extent of other matrix and/or
chemical interferences is checked through the required matrix-specific quality control
samples (spikes, duplicates, serial dilutions). Any affected data is handled as outlined in
the 3/90 SOW, including flagging of data, redigestion of samples, and/or reanalysis as
appropriate.

3. Safety Precautions: Safety precautions are discussed in detail in the laboratories' Health
and Safety Manual and in their Basic Laboratory Requirements.

4. Storage of Reagents and Standards: All reagents and standard solutions are stored at
room temperature. Stock solutions are kept for no longer than one year. While there are
no set guidelines for the shelf life of mixed-element standards, these standards are
prepared in quantities sufficient for approximately two months' use. No standards are
kept for longer than one year. Alternate source initial calibration standards and
laboratory control standards are required for each analytical run and insure that calibration
standard solutions are accurate and stable.

5. Data Treatment: ICP data is reduced automatically by the ICP operating and reporting
software which runs on a dedicated Northgate PC (IBM compatible). Data is
simultaneously printed and stored to disk during the analytical run. Raw data includes
analyst initials, lab sample number, analyte, date and time of analysis, analyte



concentration in mg/L (for both replicate instrument readings), and the average
concentration, standard deviation, and coefficient of variance for each sample. Final
reports are generated from raw ICP data files which are downloaded to a Telecation
software package. This database and report package includes all algorithms necessary to
convert the raw data to final reportables required under the SOW.

6. Data Deliverables: Data deliverables will include the following:
o Laboratory case narrative,
o Forms 1-14 as required under the 3/90 SOW,
o All laboratory digestion/sample preparation logs,
o Computer printouts of all raw data, and
o Copies of all chain-of-custody records.

7. Quality Control Requirements: The QC requirements of the 3/90 SOW will be used for
this project. These requirements are as follows:
o 75-125% recovery for matrix spikes, except where the sample

concentration is greater than 4 times the spiking level;
o 20% relative percent difference for duplicate analyses, where

sample concentration is greater than 5 times the CRDL; and
o ± CRDL for duplicate analyses where sample concentration is less

than 5 times the CRDL.



APPENDIX A.2

COMPUCHEM LABORATORIES, INC.

STANDARD OPERATING PROCEDURE
FOR 1,1-DICHLOROETHANE ANALYSIS



INTRODUCTION TOTI1E STANDARD OPERATING PROCEDURE
FOR ANALYSIS OF 1,1-UICHLOROFTHANE IN WATER

CompuChem Laboratories' SOP for the analysis of 1,1-Dichlorocthane (1,1-DCA) in water is
included in this Appendix. The following is some additional project-specific information
regarding these SOPs.

1. Although the only parameter to be reported from this analysis is 1,1 -DCA, the SOP will
be followed exactly with respect to the standards used for calibration and spiking.

2. The complete acceptance criteria for MS/MSD samples is presented in "Attachment 7,"
at the end of the SOP.

3. The list of deliverables is attached at the end of the SOP.



Standard Operating Procedure (SOP) Documentation Form

Standard Operating Procedures (SOPs) describe in detail how tasks are performed kn specific areas.
Because they are used for training as well as for legal documentation, b is Important that SOPs reflect the
most current practices of the laboratory or departmenL In turn, we must keep careful records of who wrote
or revised SOPs, when they became effective, and when k is time for SOPs to be reviewed. This form must
accompany an SOPs to help us record that Information.

Please be tun that th* shaded afta of th/t form Is completed baton you give the naw or
revised SOP to Quality Assurance for approval

This is a (check one) new procedure

Procedure prepared by;

.
This procedure meets the requirements set forth In the following References for Approved
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Procedure approved by Quafity Assurance Representative: Date:

Procedure received by Technical Communications: Date:

16

NOTE: One year from the date Technical Communication* received this SOP, lab manager* an
required to review lab practice* and revise the SOP If necessary.

3I IAnnual Review Date:
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Procedure 153. 154. 157. 165: Analysis of Purgeable
Halogenated Volatile
Organic Compounds in
Water by Method 8010

1.0 Scope and Application

Method 8010 provides gas chromatographic conditions for the
detection of halogenated volatile organic compounds. Purgeable
halogenated compounds are extracted from water by a room
temperature purge and trap extraction. The trap is desorbed onto
a 105-m, 0.53 mm ID capillary column, and analytes are detected
by an Electrolytic Conductivity Detector (ELCD) which is mounted
on a gas chromatograph. The gas chromatograph is temperature
programmed, complete with a cryogenics (liquid nitrogen) system,
to separate the target compounds. A surrogate is used to measure
the sample recovery. Target compounds are quantitated with a
multipoint and external standard calculation.

This procedure meets the requirements set forth in the following
References for Approved Methods: Test Methods for Evaluating
Solid Waste, Physical/Chemical Methods; SW-846, 3rd edition,
revised September 1986; and U.S. EPA Federal Register Guidelines
Establishing Test Procedures for the Analysis of Pollutants Under
the Clean Water Act, Final Rule, Interim Final Rule, and Proposed
Rule. Vol.49, Part 209.

2.0 Tarcret Compound List

Analvte Tftfi flUBfrgT

chloromethane 74-87-3
vinyl chloride 75-01-4
bromomethane 74-83-9
chloroethane 75-00-3
1,1-dichloroethene 75-35-4
methylene chloride 75-09-2
trans-1,2-dichloroethene 156-60-5
1,1-dichloroethane 75-34-3
chloroform 67-66-3
bromochloromethane 74-97-5
1,1,1-trichloroethane 71-55-6
carbon tetrachloride 56-23-5
1,2-dichloroethane 107-06-2
trichloroethene 79-01-6
1,2-dichloropropane 78-87-5
bromodichloromethane 75-27-4
dibromomethane 74-95-3
2-chloroethyl vinyl ether 110-75-8
cis-l,3-dichloropropene 10061-01-5
trans-l,3-dichloropropene 10061-02-6
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Nmber

79-00-5
127-18-4
124-48-1
106-93-4
106-90-7
630-20-6
75-25-2
79-34-5
96-18-4
108-86-1
95-49-8
106-43-4
541-73-1
106-46-7
95-50-1

Analyte

1,1,2-trichloroethane
tetrachloroethene
dibromochloromethane
1,2-dibromoethane
chlorobenzene
1,1,1,2-tetrachloroethane
bromoform
1,1,2,2-tetrachloroethane
1,2,3-trichloropropane
bromobenzene
2-chlorotoluene
4-chlorotoluene
1.3-dichlorobenzene
1.4-dichlorobenzene
1,2-dichlorobenzene

3.0 Interferences and Safety

3.1 Interferences

Methylene chloride (which is used as an extraction solvent
in other laboratories within the facility) is occasionally
detected at low levels in blanks and samples analyzed by
Methods 601 and 8010. CoapuChem has taken measures to
minimize this contamination, including physically isolating
the volatile instrumentation lab, polishing incoming air
through activated carbon filters built into the air handling
system, maintaining a positive air pressure within the lab,
and restricting access to the lab by personnel who use
volatile solvents.

CompuChem has adopted an internal policy based on guidelines
established by the EPA's Contract Laboratory Program which
permits up to five times the detection limit for common
contaminants in method blanks. The maximum methylene
chloride contamination allowed in an 8010 aqueous method
blank is 5 Mg/1.

Contamination can also occur by carryover whenever high-
level and low-level samples are sequentially analyzed. To
prevent carryover, analyze one or more instrument blank to
check and clean the systems. In extreme situations, the
purge and trap system may need to be dismantled and cleaned.
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3.2 Safety

According to the Federal Register, the following compounds
have been tentatively classified as known or suspected
carcinogens:

• carbon tetrachloride

• chloroform

• 1,4-dichlorobenzene

• vinyl chloride

Wear a gas respirator when handling samples with quantities
of these compounds.

4.0 Sample Preparation Screen

All samples of unknown composition should be screened prior to
analysis. Screening methods involve a 50:1 dilution followed by
purge and trap analysis.

5.0 Procedure

5.1 Introduction of Sample

Put 5 ml of sample into a 5- or 10-ml gastight syringe with
Luerlok tip (Hamilton 1005 TEFLL or equivalent). Add 5 jils
of surrogate solution 418 with a 10-/il gastight syringe
(Hamilton 170IN or equivalent). If the screen of the sample
indicates that a dilution is required, add the following
sample volumes to pure laboratory water spiked with
surrogate.

Dilution Vol. of sample full Vol. of Blank Waterfmll

2:1 2500 2.5
5:1 1000 4.0
10:1 500 4.5
20:1 250 4.8
50:1 100 4.9
100:1 50 5.0
200:1 25 5.0
250:1 20 5.0
500:1 10 5.0
1000:1 5 5.0
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For dilutions greater than 1000:1, a serial dilution should
be made. For example, a 10,000:1 dilution can be made by
making a 100:1 dilution of a 100:1 dilution. The first
dilution should be 100:1 or greater to minimize the risk of
contaminating the syringes.

5.2 Sample Purge

The sample is injected into a purging vessel conforming to
the specifications listed in the standardized methods. The
sample is purged with helium at a flow of 40 ml/min for 12
minutes.

5.3 Sample Trap

The purge gas is swept through a trap containing 1.0 cm of
OV-101, 7.7 cm of Tenax, and 15 cm of silica gel. An
equivalent trap may be used if the trap adsorbs all the
target compounds. The trap should be below 25°C during the
purge procedure. The transfer line between the purge vessel
and the trap should be kept above 80°C at all times.

5.4 Sample Desorption

During the desorb procedure, the target compounds are
backflushed off the trap and then enter the carrier gas
stream. The gas flow and trap temperature are controlled so
that all the compounds are removed from the trap in as short
a time as possible. When the GC is ready to start a run,
the trap is preheated to 175°C then desorbed at 180°C. The
backf lush gas is helium flowing at 15 ml/min. The trap is
desorbed for 4 minutes. The trap is then baked at
225°C for 18 minutes before being cooled to room temperature
to remove water adsorbed on the silica gel during the heated
purge.

Other desorb temperatures may be required with different
trap material.

5.5 Chromatography

The following apparatus and conditions are used to
chromatograph the target compounds.

5.5.1 GC: Varian 3400 or equivalent

5.5.2 Injection Port: Varian 1/4-inch packed column
port at 200° C with Restek
Uniliner and a Restek 0.80 OD
insert set in the direct
injection mode.



5.5.3 Primary Column:

5.5.4 Confirmation
Column:
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Rtx-502.2 105 meter, 0.53-mm
ID, 3.00-/Lim film (Restek
#10910) or equivalent with the
following temperature program:
(All temperatures are in
degrees C.) 0° for 4 min. Ramp
to 90° at 3°/min., hold 2 min.
Ramp to 130° at 2/min., hold 0
min. Ramp to 220° at 12°/min,
hold 2 min. Total run time =
65.50 minutes.

Rtx-l 105 meter, 0.53 mm ID,
3.0 jum film (Restek # 10189).
Temperature program is the
same as primary column.

The temperature program above is used to separate all 8010
compounds.

5.6 Detector Parameters

The O.I. Co. model 4420 Electrolytic Conductivity Detector
is used for sample detection using the following parameters:

Mode:
Make-up Gas:
Reaction gas:
Reactor Temp:
Filter:
Range:
Attenuation:
Detector Solvent:

Halogen
Helium
Hydrogen
850° C
M
1 Volt
1
1-propanol

5.7 Initial Calibration and Quantitation

Response factor (RF)
Sample Concentration

area/std concentration
(area/mean RF) x dilution

Samples are quantitated using a five-level multipoint
calibration with external standard quantitation. The
following table lists the standard levels used to generate
the multipoint response factors. The letters to the left of
the compounds refer to the standards (table on the bottom of
page 6) in which they are found.

Compound

A chloromethane
A vinyl chloride
A bromomethane
A chloroethane

Concentrations (ua/Ll
VL L Ml M2 H

4.0 8.0
4.0 8.0
4.0 8.0
4.0 8.0

16.0 24.0 32.0
16.0 24.0 32.0
16.0 24.0 32.0
16.0 24.0 32.0



Compound

C 1,l-dichloroethene
C methylene chloride
C t-l,2-dichloroethene
C 1,1-dichloroethane
C chloroform
D bromochloromethane
C 1,1,1-trichloroethane
C carbon tetrachloride
C 1,2-dichloroethane
C trichloroethene
C 1,2-dichloropropane
C bromodichloromethane
D dibromomethane
C 2-chloroethyl vinyl ether
C c-l,3-dichloropropene
C t-l,3-dichloropropene
C 1,1,2-trichloroethane
C tetrachloroethene
C dibromochloromethane
D 1,2-dibromoethane
C chlorobenzene
D 1,1,1,2-tetrachloroethane
C bromoform
C 1,1,2,2-tetrachloroethane
D 1,2,3-trichloropropane
D bromobenzene
D 2-chlorotoluene
D 4-chlorotoluene
B 1,3-dichlorobenzene
B 1,4-dichlorobenzene
B 1,2-dichlorobenzene

Initial calibration standards are prepared from NIST
traceable concentrates according to the following table.
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Concentrations (ucr/L)

VL

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

L

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Ml

8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
. 8.0
8.0

M2

12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0

H

16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0

Standard

Microliters (Mis) Added to 5 ml Water

VL L Ml M2 H

A
B
C
D

1332
1334
1328
8010
418(5

& 30
addtl

surrogate

1.
1.
1.
1.

0 5.

0
0
0
0
0

2.
2.
2.
2.
5.

0
0
0
0
0

4.
4.
4.
4.
5.

0
0
0
0
0

6.
6.
6.
6.
5.

0
0
0
0
0

8.0
8.0
8.0
8.0
5.0
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If the %RSDs over the five levels are less than 20%, then
the mean response factor can be used to calculate the
compound concentrations (see method 8000, section 7.4.2.2).
Otherwise a calibration curve must be used to calculate the
sample concentrations. It is expected that all compounds in
method 8010 will have an RSD of <20%. If the RSD is >20%,
the following items should be checked.

• If response factors have random variation, check for
leaks in the purge vessels.

• If response factors increase with concentration, check
for active sites in the chromatography system.

• If response factors from direct injections
increase with concentration the active sites are
probably in the GC column or injector port.

• If response factors from direct injections remain
consistent the active sites are probably in the
purge and trap apparatus.

• If response factors decrease with concentration, check
for contamination of the system by analyzing a blank.

5.8 Sample Identification

If single column analysis has been requested, a peak is
identified as a target compound if its retention time is
within the retention time window of a target compound. If a
peak falls within multiple retention time windows, it is
identified as the target compound with the closest relative
retention time as compared to the surrogate.

If dual column analysis is requested, the sample is run on a
dissimilar column if any peak is in a target compound
retention time window during the first analysis.

The GC lab follows a policy that the identity of the peak is
confirmed if the peak is in the retention time window for
the same compound on both columns and the concentration of
the compound on the second column is within - 50 to +100% of
the concentration on the first column.

Exceptions to this rule can be made if there is reason to
believe that matrix interference is affecting the
concentration calculation on one or both columns. If an
exception is made, the justification is documented, signed,
and dated by the chemist performing the analysis in the form
of a Laboratory Notice.
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5.9 Setting Retention Time windows

Setting accurate retention time windows is one of the most
important procedures for the identification of target
analytes. The procedure is covered by section 7.5 in method
8000 and paragraph 10.10 in method 601. Both methods use
three times the standard deviation of three injections of a
check standard over a 72-hour period. Method 601 says this
procedure "can be used to calculate a suggested window
size." Method 8000 says this procedure "will be used to
define the retention time window.11 Both methods say the
experience of the analyst should weigh heavily in the
interpretation of chromatograms.

The procedure specified in the methods, determined by
analyzing replicate check standards, will set a window that
is too restrictive, increasing the risk of false negatives.

This is because analysis of check standards does not
incorporate all the variables that can affect retention
time.

Variables affecting retention times can be divided into two
classes: system dependent and matrix dependent.

5.9.1 System-dependent variables

System-dependent variables can be monitored and,
to a certain extent, controlled by the GC chemist.
Recent advances in GC technology have enhanced the
ability of the chemist to control many system
variables. The following system attributes have
been found to affect retention times.

• Carrier gas flow rate: A consistent flow
rate is important. The flow rate can be
affected by changes in line pressure, leaks
in the system, or changes in backpressure.

• Carrier gas density: Carrier gas density can
have a surprising effect on retention time.
In general, increasing the flow, molecular
weight, and isothermal hold times will
increase the effects of changes in density.
The critical point where density is variable
is at the flow controllers which are usually
at "room" temperature. Therefore, precise
control over the temperature of the lab can
be important to retention time stability.
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• Oven temperature: Oven temperature is the
most important parameter affecting retention
times. As such, it is an area where GC
manufacturers have improved by producing very
stable and uniform oven temperatures and
heating ramps. In the volatile analysis, the
Varian 3400 can achieve a stable isothermal
temperature down to 35°C. Below that point,
liquid nitrogen is required as a coolant. It
is also critical that the oven temperature
stabilizes for 2 minutes before the sample is
desorbed. Therefore, the purge and trap
should advance to "desorb preheat" after
receiving a "GC ready" signal from the GC
instead of relying on a thermocouple
connection and minimum temperature cut-off.

• Desorb time: Controllable changes in the
desorb time are caused by changes in the trap
temperature and desorb gas flow. The desorb
gas is controlled by the GC and is affected
by all the parameters that affect carrier
gas. The trap temperature is held at ambient
levels during purge and ballistically heated
during desorb preheat and desorb. Therefore,
it is important that the ambient temperature
remains stable. The heating profile of the
trap is not important during desorb preheat
because the target compounds are not moving
during this period; however, it is important
during desorb. Therefore, the preheat
temperature must be close to the final desorb
temperature.

5.9.2 Matrix-dependent variables

The sample matrix affects the desorb time and the
column characteristics. Polar compounds in a
matrix can coat the surface of the capillary
liquid phase so that the target compounds skip
along the column rather than plow through the
phase.

Because of all these factors, each GC system has
unique retention time windows. The window should
be set at ± 1.5% of the retention time of each
compound from each continuing calibration check
standard.
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6.0 Quality Control

6.1 Surrogates

1X̂ 2, The surrogateŝ  for method 8010 differ from method 601
>\* because Trichlorofluoromethane(TCFM), a current surrogate

for 601, is on the compound list for 8010. Because CompuChem
does not validate this compound at this time (we do not see
TCFM in water), TCFM and Bromof luorobenzene are used as the
surrogates. TCFM is spiked at 10.0 Mg/L, and historically
generated 601 data indicate that the acceptance range is
761-135%. Bromof luorobenzene is spiked at 30.0 /ig/L and the
acceptance range is 69%-123%. This range will be
periodically updated as historical method performance data
are accumulated.

6.2 Continuing Calibration Check Standards

In accordance with method 8010 requirements, a continuing
calibration check standard is run after every 10 production
samples. The continuing calibration check standards are
prepared at the Ml concentration level found in section 5.7.
The check standards contain all compounds listed in section
2.0 of this SOP.

The acceptance criteria is taken from Table 3 of method
8010. Historically generated laboratory acceptance criteria
will be used for any additional compounds. The table below
compares method 8010 acceptance criteria and historically
generated laboratory acceptance criteria.

Calibration Acceptance Criteria For Check Standards

Compound

chloromethane
vinyl chloride
bromomethane
chloroethane
1,1-dichloroethene
methylene chloride
t-1,2-dichloroethene
1,1-dichloroethane
chloroform
bromochloromethane
1,1,1-trichloroethane
carbon tetrachloride
1,2-dichloroethane
trichloroethene
1,2-dichloropropane
bromodichloromethane

8010 % "
recovery range

D-193
28-163
D-144
38-150
28-167
25-162
38-155
47-132
49-133
47-132a
41-138
43-143
51-147
35-146
44-156
42-172

Lab %
recovery range

1-193
31-170
1-180
39-139
25-170
25-165
40-154
50-130
50-130
47-132
45-135
40-141
50-150
35-145
46-160
42-170
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Compound
8010 %

recovery range
Lab %

recovery range

dibromomethane
2-chloroethyl vinyl ether
c-1 , 3-dichloropropene
t-1 , 3-dichloropropene
1,1, 2-trichloroethane
tetrachloroethene
dibromochloromethane
1 , 2-dibromoethane
chlorobenzene
1,1,1,2 -tetrachloroethane
bromoform
1,1,2, 2 -tetrachloroethane
1,2, 3-trichloropropane
br omobenz ene
2-chlorotoluene
4 -ch 1 or ot o luene
1, 3-dichlorobenzene
1 , 4-dichlorobenzene
1 , 2-dichlorobenzene

42-172a
14-186
22-178
22-178
39-136
26-162
24-191
24-191a
38-150
8-184a
13-159
8-184
60-140a
60-140a
60-140a
60-140a
7-187
42-143
D-208to

42-172
15-200
20-180
20-185
40-135
20-170
20-190
24-191
35-150
8-184
10-170
5-190
60-140
60-140
60-140
60-140
5-190
45-140
1-200

a Value taken from CompuChem's historically generated
acceptance range.

b D * Detected.

When a check standard fails to meet the recovery criteria,
an initial calibration must be performed. Failure of the
check standard means analysis cannot continue until system
maintenance is performed and the check standard passes
criteria.

6.3 Blanks

Method 8000 specifies that one method blank be prepared per
analytical batch (up to 20 samples). For method 8010, a
blank will be run either once per day per instrument or once
per analytical batch, whichever is more frequent. A method
blank consists of laboratory pure water spiked with
bromofluorobenzene (BFB) and trichlorofluoromethane (TCFM)
at 5 Ml per 5.0 ml of water. BFB and TCFM % recovery must
fall within the acceptance ranges found in section 6.1. The
method blank must not contain any target compounds above the
reporting limit. Exceptions to this are common laboratory
solvents (i.e., methylene chloride) which may be present in
blanks at 5X the stated detection limit.
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6.4 Matrix Spikes

As specified in method 8000 (paragraph 8.5), a matrix spike
and matrix spike duplicate will be analyzed per analytical
batch (up to 20 samples). The MS/MSD is prepared by
separately spiking two 5-ml aliguots of sample with all
target analytes at the Ml concentration level. The second
table in section 5.7 specifies how much of each standard
concentrate to add. The MS/MSD must pass the acceptance
criteria listed in section 6.2 for a continuing calibration
standard. If the MS/MSD fails acceptance criteria a blank
spike should be performed to verify that the GC system is in
control. If the blank spike does not meet acceptance
criteria, analysis cannot be continued until after system
maintenance has been performed and a blank spike passes
criteria. Then the duplicate matrix spikes should be re-
analyzed. All samples associated with a failed blank spike
must also be re-analyzed. Blank spikes must contain the
same compounds at the same levels as the check standard.

7.0 Calculations

Reponse factor (RF) = area of compound to be measured

cone, of the compound to be measured
in the standard

Method 8010 uses two internal standards, trichlorofluoro-
methane(TCFM) and bromofluorobenzene(BFB).

TCFM correction factor (CF) - area of TCFM in sample

(avg. RF of TCFM from multipoint/10)

BFB correction f actor (CF) «• area of BFB in sample

(avg. RF of BFB from multipoint/10)

Compound guantitation equation -

(1)
area of compound in sample

avg. RF of compound in sample x TCFM CF

(2)
area of compound in sample

avg. RF of compound in sample x BFB CF
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Use equation (2) for the quantitation of 1,2-dichlorobenzene,
1,3-dichlorobenzene, and 1,4-dichlorobenzene. All other 8010
compounds are quantitated using equation (1).

TCFH % recovery calculation: TCFM CF

BFB CF

BFB % recovery calculation: BFB CF

TCFM CF

All quantitations are rounded to two significant figures

Method Validation

x 100

x 100

The following table summarizes the results of the method
validation study performed June 5-6, 1989. The reporting level
has been set by the validation data. The study was performed
following the EPA requirements set forth in the Federal Register
(Vol. 49, No. 209, Appendix B to Part 136, pp. 43430-43431) , and
CompuChem's QA Program Plan, Appendix A.

Compound
Average %
Recovery

MDL
fua/11

Report
fua/11

chloromethane 69.8
vinyl chloride 69.8
bromomethane 78.3
chloroethane 85.3
1,l-dichloroethene 89.0
methylene chloride 102.0
t-1,2-dichloroethene 85.5
1,1-dichloroethane 93.0
chloroform 84.5
bromochloromethane 78.5
1,1,1-trichloroethane 86.0
carbon tetrachloride 83.5
1,2-dichloroethane 79.0
trichloroethene 87.0
1,2-dichloropropane 76.0
bromodichloromethane 80.0
dibromomethane 87.5
2-chloroethyl vinyl ether 88.5
c-1,3-dichloropropene 60.0
t-1,3-dichloropropene 81.5
1,1,2-trichloroethane 85.0
tetrachloroethene 89.0
dibromochloromethane 63.0
1,2-dibromoethane 84.0
chlorobenzene 84.0

0.495887
0.541896
0.440651
0.495887
0.303800
0.797334
0.294521
0.338500
0.320404
0.220327
0.303831
0.310310
0.211100
0.282100
0.276400
0.398949
0.383698
0.379526
0.252318
0.234330
0.218514
0.276400
0.258549
0.328980
0.303830

0.50
0.55
0.45
0.50
0.35
1.0
0.30
0.35
0.35
0.25
0.35
0.35
0.25
0.30
0.30
0.40
0.40
0.40
0.30
0.25
0.25
0.30
0.30
0.35
0.35



Compound

1,1,1,2-tetrachloroethane
bromoform
1,1,2,2-tetrachloroethane
1,2,3-trichloropropane
bromobenzene
2-chlorotoluene
4-chlorotoluene
1.3-dichlorobenzene
1.4-dichlorobenzene
1,2-dichlorobenzene
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Average %
Recovery

85.5
88.5
88.5
93.5
71.4
74.0
89.0
109.0
112.0
111.0

MDL
(ucr/H

0.344348
0.478210
0.399944
0.310310
0.817600
0.211104
0.303830
0.182025
0.198360
0.265346

Report
ruo/1)

0.35
0.50
0.40
0.35
0.85
0.25
0.35
0.20
0.20
0.30
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QC 8PZXE RXCOVtftY CONTROL LIMITS
AND MATRIX 8PXKB DUPLICATE RXLATZV1 PERCENT DIFFERENCE (MPO) UNITS

METHOD §010, VOLATILE KALOCAftftOttS
OOt. 26, 1984

compound

Broaodichlorovathana
Broaobaniana
Brottoform
Broftoaath*na
Carbon Tatrachlorida
Chlorobaniana
Cftloroathana
2*Chloroathylvinyl Ethar
Chloroform
Chloroaathana
2-chlorotoluana
4*Chlorotoluana
DibroMochloroaathana
1 i 2-DibroBoathana
if 2-Diehlorobantana
t 3-Dichlorobant an*
i 4— Diohlorobaniana
, 4-Dichlorobuttna
t l— Dlohloroatbana
, 2-Diohloroathana
, l*Diehloroathana

trana»l , 2-Dlobloroathana
1 • 2»Dichloropropana
oia-li 3»Dichloropropana
trana*! f 9-DiohloropropanaMathylan* Chlorlda
l, i, 2 , 2-Tatraehloroathana
Tatraohloroathana
1 | l , l-Tr iohloroathana
li 1 , 2-Tr iohloroatbana
Triobloroathana
Trichlorofluoromrthana
1.2, 3-Tr lohloropropana
vinyl Chlorida

Actuaoua
(% Raeovary)

42-172
60-140
13-189
D-144
49-143
38-1BO
46-137
14-186
49-153
D-193
60-140
60*140
24-1*1
24-191
D-208
7-187
42-143
80-120
28—167
81-14747-iaa
38-155
44-156
22-178
22-178
25-162
8-184
28— 162
41—138
39-136
35-146
21—156
60-140
26-162

Aquaoua
(RPD)

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

Solid
(1 Raeovary)

42-172
60-140
13-189
0*144
43-143
38-180
46-137
14-186
41-153
D-193
60*140
60-140
24-191
24-191
D-209
7-167
42-143
80-120
28-167
SI-147
47-132
38-155
44-156
22-178
22-176
25-162
8-164
26-162
41-136
29-136
35*146
21-156
60-140
26-163

•olid
<*«»

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
80
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

B-at



DEUVERABLES CODE FOR REPORT FORMAT

Style 9 includes:
o Cover letter

o Table of Content*

o Chronicle (including QC summary)

o Cut Narrative

o Method Reference

0 QA Notice* (If applicable)

o Cbaln-of-Custody (if received)

o Compound List

o RIC (sample)

o Quant. Report

o Spectra .

o Library Search Form IV (if applicable)

o Library Search Spectra (if applicable)

o Blank Compound List

o RIC (blank)

o Quant. Report

o Spectra

o Matrix Spike/Matrix Spike Duplicate

o RIC (spikes)

o Quant. Report

o Tuning Summafy (for sample, blank ft spikes)

o Calibrations (Initial & Op"t***yk|g for sample
bbnkA spike.)

o RIC (standard* fodudea, in order, sample*, blank
A spike)

o Quant Report (sample, blank & spike)
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Cha1n-of-Custody

"- The basic components for maintaining sample cha1n-of-custody (C-O-C) are:

1) samples must be relinquished Into the possession of an authorized laboratory
• staff member, or

7... 2) samples must be within the authorized staff member's I1ne-of-s1ght, or
: 3) samples must be locked 1n a secured storage area with restricted access.

. •»,

- Furthermore, any change of possession or custody must be documented on

,^ appropriate cha1n-of-custody forms. This documentation must Include both the

_• Initials of the Individual relinquishing the sample and those of the Individual

'.;• receiving the sample, as well as the date of the custody transfer.

{'-- CompuChem* accomplishes these objectives through an elaborate document control

_ system. This system Includes procedures for documentation of the receipt of '.he
f •

-'• sample into the laboratory using preprinted, numbered chain-of-custody records

~ (although many clients provide their own C-O-C records which suffice). These

/ records include information about the Individuals collecting the samples, the

t-. collection date, time and location, and the type of analyses required.

CompuChem's clients are responsible for field chain-of-custody, sample

•' '•' collection, handling and shipping.

r" When the samples are received in the laboratory, the C-O-C documents are signed

and dated by the Receiving Clerk. The samples are logged Into the Computerized

Laboratory Management System (CLMS), and assigned unique sample identification

numbers. The samples are then relinquished to the possession of a Sample

Custodian, who has sole access to the locked sample storage refrigerators. The

: CLMS schedules the appropriate analyses and tracks the progress of sample
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processing throughout the laboratory, Samples do not remain outside
refrigeration more than 2 hours from receipt.

The custody of each sample can be determined at any point 1n time by reviewing
Scheduling Details within the CLMS. A "paper trail" also accompanies the
movement of the sample (or extracts, allquots or dlgestates created from the
as-received sample) throughout the lab, serving to document Internally all
changes 1n custody.

The Integrity of the samples within the laboratory 1s assured by the security of

the facility Itself. Building security 1s controlled by an electronic card
entry system. The exterior doors and the doors of various controlled-access

a'-eas are equipped with card readers. Each memeber of the staff has an access
card, which must be prominently displayed on their person, that 1s coded only
for those areas where their job functions require access. The system also
maintains a record of the movements, or attempted movements, of the staff

throughout the building. A computer printout of this record 1s audited by a
member of the Quality Assurance Department for verification of card coding and

card entry transactions.

When the analysis 1s complete, the final extracts (for extractable portions of
the sample) are kept 1n a locked freezer (1f required) under sole custody of the
Sample Custodian.

A complete description of CompuChem's sample tracking procedures and additional
cha1n-of-custody details can be found 1n the Production, Planning and Control
SOPs.
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Production Planning & Control SOP 1.2: Storing Samples

The walk-in refrigerator at CompuChem Laboatories is kept at 4 (+2) degrees

centigrade to ensure sample stability. The temperature of the walk-in cooler is

recorded daily in the "Daily Walk-In Cooler Log" by the Scheduling Clerk/Custodian

and reviewed monthly by the Scheduling Supervisor. The Scheduling Clerk/Custodian

enters the date, temperature, and signs the entry. In the event that the

temperature is outside the acceptable range (2 to € degrees centigrade):

1. Check refrigerator fan operation. If -not operating, call Facility Personnel,

2. Close doors and check temperature in i hour. If the temperature is
still not within acceptable range, call Facility Personnel. Facility
Personnel: 596-3729 or 596-1917.

The walk-in is locked at all times and only appropriate Shipping and

Receiving and Production Planning and Control personnel are issued keys. The

Sample Custodian arranges samples in the walk-in first by Receipt date and then

according to container size. There are two separate refrigerators for raw

sample storage. Cooler #1 contains all extractable and inorganic samples.

These are stored according to sample receipt date and container size. All

samples requiring volatile analysis are stored in a separate refrigerator Cooler

#2. These samples are also stored by sample receipt date. All volatile water

samples are inverted for storage.

The sample stock is rotated daily by due date to aid in the timely

processing of all samples.

Shipping and Receiving is responsible for monitoring the effectiveness of

the activated carbon filter in the walk-in. To detect the possible presence of

volatile contaminants in the walk-in, 20 sample bottles (each filled with
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sparged, deionized water) are put into the walk-in 24 hours after the carbon

filter has been changed. One bottle per week is removed from the walk-in and

analyzed by the GC/MS lab for volatiles. If for three consecutive weeks these

analyses detect contamination greater than the detection limit for a compound

(particularly methylene chloride), the Manager of Quality Assurance is notified

and the filter is changed. After the filter is changed, this monitoring process

is repeated.
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£; Production Planning and Control SOP 1.5: SampleSaver« Preparation

_ A SampleSaver« is sent to most commercial customers requesting that

":' CompuChem analyze a group of samples. These orders are taken by a Customer
\

~ Service Representative, who enters the orders into the CLMS system. The system
I;''-.-jt
j then generates a worklist for each order. The SampleSaver* Worklist contains

,*-. the following information (refer to Attachments 1-2):

_/ * Address of the client

f'-S * Type of SampleSaver* to be sent (see list below)
>'

— * Special instructions: use of chain-of-custody, etc.
P.

,;' * Method of shipment

<-• * Account number .

^ * Latest shipping date
f'!*-':. * Analysis codes for samples
1- * SampleSaver* number: this is assigned by the CLMS and appears on the order
f? received from the system.

_ SampleSaver* Number is hand-written on an adhesive label which is attached by

•'•; receiving personnel to the sample container(s). An information packet is
£

"" included, and cons is ts of the Client Information Sheet, instructions for using
t~ '.,- ..

SampleSaver* materials (these vary according to the type of SampleSaver* that is

sent), Sample Collection Procedures (sent with all types of SampleSavers*), a

_" Chain-of-Custody Record, Chain-of-Custody Seals, Sample I.D. labels, return

'X address labels, and hazardous shipping labels (see Attachments 3-12).

— SampleSaver* configurations required by clients may include a preservative

kit (see Production Planning and Control SOP 3.6), laboratory pure water or

Ottawa sand blanks (see Production Planning and Control SOP 3.7).
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If the client requests that the Chain-of-Custody Record originate from

CompuChem, the Supervisor of Sample Receiving signs and dates the Record (in the

"Relinquished By" box), which initiates the chain-of-custody process. The

SampleSaver is sealed with chain-of-custody tape. When the SampleSaver« is

returned, PP&C SOP #1.1 is followed to continue this process.

The configuration of a SarapleSaver« is dependent on the SampleSaver« Code

on the worklist. The following codes are a list of the SampleSaver*'s possible

configurations:

f;-
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SAMPLESAVER* CONFIGURATIONS
Essssssssrsxss

CM
i '•

**:'<.

001 THRU 009 SINGLE ITEM TYPE SAMPLESAVERS
010 THRU 019 WATERS WITH CLEAR LITER BOTTLES

SAMPLESAVER
CODE

LITERS
CLEAR I AMBER

500 ml
PLASTICS

4 oz
Jar

40 ml VIALS
VOA I CYANIDE I PHENOL

TRIP
BLANK

000

001

002

003

004

005

006

007

008

009

010

Oil

012

013

014

015

016

* 017

* 018

* 019

DUMMY SAMPLE SAVER

4

"

4

4

4

4

4

4

4

1

< 1

1 6

1

1

1

1

1

1

1 2 .

1

10

1 - 1

1 2

1 2

1 2

1 2

1

I

1

8

16

24

32

40

* Codes for configurations yet to be standardized.
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SAMPLESAVER* CONFIGURATIONS

020 THRU 029 WATERS WITH AMBER LITER BOTTLES
030 THRU 039 SOILS

i.-:-
'i

SAMPLESAVER
CODE

LITERS
CLEAR | AMBER

500 ml
PLASTICS

4 02
Jar VOA

40 ml VIALS
CYANIDE | PHENOL

TRIP
BLANK

020 |

021

022

023

024

025

026

* 027

* 028

* 029

030

031

032

033

034

035

* 036

* 037

* 038

* 039

4

4

4

3

2

1

4

4

4

4

4

4

4

2

1 1 8

1 1 7

2 I | 5

1 2 |

2 j 1 8

2 1 1 7

1 1

1 1

1 1

2 "1 1

1 1

1 2 |

1 4 |

1 6 |

1 8 |

1 I

1 1

1 1

1 1

1

'

1

1 1

1 1 1

1

1 ...

1 1

1

1

1

1

1

1

1

1

1

1

1

1

1
* Codes for configurations yet to be standardized.
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X SAMPLESAVER* CONFIGURATIONS

LITERS - DISTILLED
VOA - SPARGED

040 THRU 049 WATER FILLED BOTTLES (WATER BLANKS) PLASTICS - DEIONIZED
050 THRU 056 FURNACED DIRT FILLED BOTTLES (SOIL BLANKS)

SAMPLESAVER
CODE

040

041

042

043

LITERS
CLEAR | AMBER

4 1

4 1

4 1

4 1

044 | | 4

045

046

047

* 048

* 049

* 050

1 4

1 4

1 4

1

1

4 1

051 | 4 |

052

053
4 1

3 I

054 | 2 |

055 |1|

056 | |

500 ml
PLASTICS

2

2

2

2

2

4 oz
Jar

2

4

6

8

40 ml VIALS
VOA| CYANIDE | PHENOL

1 1

1 1

8 1 1

7 1 1

1 1

1 ' 1

8 1 I

7 1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

10 1 1 1

TRIP
BLANK

1

1

099 | SPECIAL CONFIGURATION

100 | BULK SHIPMENT OF GLASSWARE/PLASTICS

201 | GROUND WATER MONITORING REQUIRING 2 SAMPLESAVERS

* Codes for configurations yet to be standardized.
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060 THRU 069 PRESERVATIVE KITS

I?

/.'"•

f~

SAMPLESAVER
CODE HC1

PRESERVATIVE KITS
NaOH

060 | 1 j '| |

061 | I 1 1 . 1

062 | | | 1 |

063 | | | )• 1

064 | 1 | j 1 | 1

065 | 1 | 1 | 1 | 1

066 | 1 | | 1 |

* 067 | 1 1 1 -
* 068 | | | |

069 | AS REQUESTED FOR SUB-CONTRACTED *

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

NALYSIS

* Codes for configurations yet to be standardized.

HN03
HC1
NaOH
H2S04

NITRIC ACID
HYDROCHLORIC ACID
SODIUM HYDROXIDE'
SULFURIC ACID
ZINC ACETATE
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SAMPLESAVER* CONFIGURATIONS

070 THRU 079 MINI-SAMPLESAVERS
080 THRU 089 MINI-SAMPLESAVERS

SAMPLESAVER
CODE

070

071

072

073

074

075

076

077

LITERS
CLEAR | AMBER

1

1

2

2

1

1

078 |

* 079

080

081

082

083

084

085 |

*

*

*

*

086 |

087 |

088 |

2

2

1

1

1

1

089 |

500 ml
PLASTICS

1 .

1

1

4 oz
Jar

2

1

1 10
3

1
•

1

2

1

2

40 ml VIALS
V O A | CYANIDE | PHENOL

2-8 | |

2-7 | |

4| 1

1 1

1 1

1 1

1 ' 1

1 1

24 | |

1 1

4| 1

2-8 | |

1 2-7 | \

1 1 !

1 1 1

TRIP
BLANK

1

1

2 1 1 1 1

I I I I

1 1 1

I I I I

I I I I

090 | SPECIAL MINI-SAMPLESAVER CONFIGURATION

* Codes for configurations yet to be standardized.
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SAMPLESAVER* CONFIGURATIONS
«*«a«ma>ssx3sc88ssssxs*B*s3

90 SPECIAL MINI-SAMPLESAVER CONFIGURATION
091 THRU 096 MINI-SAMPLESAVERS FILLED W/WATER
096 THRU 099 MINI-SAMPLESAVERS FILLED W/FURNACED DIRT

*

SAMPLESAVER LITERS I 500 ml 4 02 40 ml VIALS I TRIP
CODE CLEAR | AMBER | PLASTICS Jar VOA | CYANIDE | PHENOL | BLANK

090 | SPECIAL CONFIGURATION MINI-SAMPLESAVERS

""""o9r"""T"rT"""""n"""r"*"T"""T2-7T""""""T""""T"""""'"""""o9r""T"rT""""""r"""""r"""T""4r""""""T""""T""""'
""""̂"""T'l''!'''''''''!''''''''''!''''''!'''''!""'''''!""'''''!"""""'
"""""o9"r"""T"""T"""2"""""r"""""T""""T"""T""""T"""""T""""
""""o9"5"""""T"""T7i""T"""r"""r"""T2-7T""""""7"""""T"""""'
"""o9l"""T"rT"""""""T""""""T""""T"""T"""""T""""T""""'
••"j;j---"|""--|"----"y--------y----y---y-------y--"-"|------

""""o98""T'""T""""""T""""""T2-i2T"""T""""""T""""T""""
~III*3iIIIIiIIIII!IIIIIIII\^^
* Codes for configurations yet to be standardized.

ft1'



Section No. 1.5
Revision No. 2
Date: May 30, 1989
Page 9 of 21

To make up these configurations, Shipping and Receiving keeps on hand the

necessary glassware for SampleSavers®. Maintaining this glassware stock

requires that Glassware Preparation be informed daily of Shipping and
\

Receiving's needs.

f-":-
i »
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SampleSaver* Work list for RTP

Shipping Method: FED EXPRESS - SPECIAL (12) Priority: SA

Ship NLT

Date Account:
Order:
Status:
Entered

Ship to:
.

Receiving Plant:
I SampleSaver* Codes:
# Sample Savers:
Employee Number

SampleSaver* SampleSaver* Return/Air
Number Code Bill

Shipping/Receiving Instructions
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SampleSaver* Picklist for RTP

Shipping Method: FED EXPRESS - SPECIAL (12) Priority: SA

Ship NLT

Date Account: . Ship to:
Order:
Status:
Receiving Plant:
Entered

SampleSaver* SampleSaver* Ship Air Billf:? Number Code
3

*"" Shipping/Receiving Instructions
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SAMPLE COLLECTION PROCEDURES

• •;. This sheet is provided to illustrate a typical sample collection procedure. For
':: further details, refer to your Regional EPA Office or the following Federal

•—'•' Register issues: June 14, 1979; May 19, 1980.

*?; The CompuChem SampleSaver* is packed in a variety of configurations dependent
_i upon the analysis requested.

<"£ Current EPA Regulations call for samples to be collected on a 24-hour com-
•y positing basis for all sample fractions, except for total phenol and cyanide

'—' vials. All containers in the SampleSaver* should be filled during a normal
,.;, facility operational cycle with the total sampling cycle not exceeding a 24-hour
"£ time period.

After collection, each container should hold a "COMPOSITE" sample which repre-ft£ sents a composite of the discharge flow during the 24-hour period. That is, the
: & total volume of sample in the container is made up of parts with the volume of
— each part proportional to .the flow of^the discharge. For example, if 50X of the
r'ja discharge flow occurs in the first hour of sample collection, then one half of

the volume of each sample container (except the VOA, cyanide, and total phenol
L- vials) should be filled with sample collected during that hour. If your discharge
r,t flows only eight hours a day and the flow for the final seven hours is uniform,
j the remaining half of the sample containers should be filled with seven-equal

__- portions of sample collected at seven one hour intervals. You should collect at
~ least eight portions of sample to generate the composite sample.

*•'»• • jj::' For the VOA vials, the procedure is similar except that each portion of the VOA
—' sample is collected in an individual vial. When the vials are received at
r, CompuChem, EPA protocols require that we composite all vials into one sample just

; * prior to analysis.
w—

The VOA vials should be filled completely, once each vial is opened, during a
'~l period not exceeding fifteen (15) minutes (the sample is called a "GRAB"
'_j'- sample). For VOAs it is the number of vials filled that is done on a flow pro-

portional basis. Using the same flow discharge example, if your SampleSaver*
•*"j contains six (6) VOA vials, you should grab-fill three (3) vials the first hour
; 1 of sampling. The remaining three (3) vials would be filled at three (3) equally
•'" spaced intervals during the next seven (7) hours. When received by our labora-

tory, compositing of the six (6) vials into one (1) container will result in a
sample whose contents are proportional to the discharge flow.

Finally, if you are requesting cyanides and total phenols, the container for
-.'''•'. each of these samples is filled as a grab sample at a randomly selected time.
. :; The collection period should not exceed fifteen (15) minutes.



Section No. 1.5
Revision No. 2
Date: May 30, 1989
Page 13 of 21
Attachment 04

CLIENT INFORMATION SHEET
GOMPUCHEMLABORATORIES

3308 Chapel Hill/Nelson Highway
P.O. Box 12652
Research Triangle Park.
North Carolina 27709
Telephone 919/549-8263

i ~ M the end of the sampling period, it is vital to ship the
M- ample via express transportation.

f •<• 'lease complete this form and return with the SampleSaver.

•̂* Fhank you.

~~.~ Sampling period

•_ 'rom:

Date
Time

To:

Date

Time

Company
vddress _
Jity & State

lample Name/Number.nnnnnnnnnn
Zip Code.

•(sample ID can be no longer than 10 characters in length)
. •

IMPORTANT
All preservatives to be added at the tine of

sampling by the client!!!
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THE SAMPLESAVER* AND HOW
TO USE IT TO YOUR ADVANTAGE

ANALYJiCAL

SERVICES '

Thank you for deciding to use our patented
SAMPLESAVER for the_shipment and collection of
your environmental sample.

Use of the SAMPLESAVER provides you with'two
major advantages. First, it's easier to collect and ship
a sample. Second, by properly using the SAMPLE-
SAVER, your sample will more closely follow sample
preservation protocols. The SAMPLESAVER is
designed to maintain your sample at 4 c for 72 hours.

The charge for a SAMPLESAVER is only a usage
charge. We retain possession of all the pieces. Usage
fees cover decontamination, handling, and in some
cases freight cost

Every part of the SAMPLESAVER is crucial to the
survival of your sample. Failure to return all parts
could result in several things happening: sample
container breakage, samples which do not meet
preservation protocols and regretfully, an additional
charge of $150.00 for damage or loss of the
SAMPLESAVER or its parts.

To help you get full benefit from the SAMPLESAVER.
please review and follow these instructions:

THE SAMPLESAVER

• Upon receipt, open it and examine the packing
arrangement That's the way it should be repacked
prior to shipment

THE FOAM CONTAINER

• Use only the bottles we provide. Do not alter the
foam container to accept any other bottles.

• Do not write on the foam container itself. Space is
provided on the lid cover sheet on the enclosed
forms for company and a ten character sample I.D.
Any other marking may cause incorrect
identification of an incoming sample

• OOMPUCHEM
lABCMIQRIES
IMPORTANT!

PLEASE READ
ALL INFORMATION
BEFORE SAMPLING.
FILL OUT 'RETURN ALL ENCLOSED

i WITH YOUR SAMPLE

• Always keep the foam lid matched with the foam
box—there are different models and the lids are not
interchangeable.

BOTTLES

• Do not open any bottles until you actually put your
sample in them—this prevents contamination.



f .•

•f,.1

• Do not substitute your own bottles or interchange
any lids or labels on our bottles.

• Repack all bottles we provided, especially the
plastic bottles in the center. Otherwise, bottle
breakage may occur.

• Dp not rinse our bottles prior to sample collection.
Rinsing will contaminate them.

"BLUE" ICE SUBSTITUTE

• Freeze'in a standard freezer for at least 12 hours
"~ and no more than IB hours prior to sampling. Do

not freeze the blue ice using dry ice. This freezes
i :'• your sample and breaks bottles.

~ • Do not freeze the sample itself. Our blue ice will do
<-*. the job if you pack it correctly.

_"•'• • Do not use regular ice or other ice substitutes.

, •" • Please repack the blue ice" (with red caps upward).
Otherwise, your sample results will not be accurate

— or bottle breakage may occur during shipment

SAMPLE RECORDS

• Return all forms properly and fully completed.

• Four types-of labels will be supplied. Included will
be: a return label, Chain of Custody seals,
hazardous shipping labels, and a sufficient number
of sample identification labels. On the same
identification labels, please indicate the analysis
code you have ordered and your sample
identification (the sample 10 can be no more than
ten characters). Affix these labels to the
appropriate sample containers.

• A Chain of Custody Record and Client Information
. Sheet are also provided. The Analysis Code

ordered as well as the volume requirements will be
stated on the Client Information Sheet In order to
eliminate any possible confusion about your
samples, please complete each of the forms
provided.

• Provide as much identifying information about your
company and your sample identity as possible.
CompuChem® processes thousands of samples a
year—often from several plants within several
divisions of the same company, all at the same
time!

The SAMPLESAVER is unique in our business. If
you have any other questions regarding the use of
this SAMPLESAVER please call your customer
service representative at 800-334-8525.

GOMPUCHEM LABORATORIES
ANALYTICAL SERVICES

3308 Chapel Hill/Nelson Highway, P. O. Box 12652,
Research Triangle Park, Nonh Carolina 27709. Telephone 919-549-8263

Attachment * 6

Section No. 1.5
Revision No. 2
Date: May 30, 1989
Pagel'5 of 21



N2 012092 CHAIN OF CUSTODY RECORD OOMPUCHEM lABORATORlES
PROJ.NO. | PROJECT NAME

SAMPLERS:

STA.NO. OAT1 TIMC I STATION LOCATION

NO.

or
CON-

TAINERS
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RtllnqulihMl by: Dau/TiiM R»c*lv*d by: R»llnquiihtd by: RtctlvMJ by:

Dau /Firm R*«inquiih»d by: D«u/Tlm« R*c«iff<l by:

R«linqul|h»d by: 0»t*/T)mf R*calvtd lor Labor»lory by: DiU /Tim*

DUliitMlion: Olpinil AccotnpvtlM Sttipfnfnl; Copy lo
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i;: '• ' i >.-.. *•"•' | '*.!'
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.YZE FOR/CCCE

.Y2= FOR/COOE

5-Or

LYZE FOR/COOE,

;•!.)• __._____

"•A_Y:. FCK.COSE

CompuChem Laboratories
P.O. Box 12652
Chapel Hill/Nelson Highway
Research Triangle Park, NC 27709

POSTAGE GUARANTEED

DATE S-JOir

ANALYZE FOR/CODE.

SAMPLING
— DATE..

ANALYZE FOR/CODE

SAMPLING
_ DATE S-IO*

ANALYZE FOR/CODE.

DATE

ANALYZE FOR/CODE;

SAMPLING
— DATE _ S-ID»

ANALYZE FOn/CCOC

SAMPLING
— DATE _ S-IO*

ANALYZE FOR/CODE

GOMPUCHF.M

COMPUCHCM
LABORMORIES

OMPUCHFA-1

—— OATC

SAMPLING
_ DATE

SAMPLING
— OATL _

SAMPLING
— DATE _

SAMPLING
—— DAT _

—— DAi

CUSTODY SEAL

S'fjnniurc

CUSTODY SEAL

CUSTODY SEAL

::, •
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GLASSWARE RELEASE

CHAIN OF CUSTODY RECORD OOMPUCHEM lABOttTORIES
ACCT. NO PROJECT NAME A ttach in ent I y

Section No. 1.5
SAMPLERS: (Slgnmiun)

BOX NO.

*

DATE TIME o
0

.
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Io

Prepared By: (Signuiun)

Relinquished By: (Sign»wr»)

Relinquished By: (Signitun}

STATION LOCATION

LABORATORY GLASSWARE

•

•

'

•

Daie^

Dale,

Dale

NO.
I

OF

CON-
TAINERS

Time

Time Received by: (sigmiwe)

Time Received by: (Sign»iur»)

/ EMPTY

4,fMw
/ F'LLED //////jiM/i

Relinquished By: (SJonaiiirej

Relinquished By: (Sign»tu,»)

Dale,'Time

Distribution: Original Accompanies Shipment; Copy to Field F»-«

Dale/

Dale/

/ / / /

Time

Time

RELEASE ONLY

Received by: (Sign»im»j

Received by: (Sign»iurt)

Remarks

'•."'i.'! K '-:?t .i'/.̂ "\'' '"•• S»MR fc;^, &-^^^ i'̂ j
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DANGEROUS GOODS IN EXCEPTED QUANTITIES

Thli package centaina dangerous goods la csctpltd imal quaruhlca and It
HI an raapaeu In compUanct with IM applicable Iniarnalional and nallonal
govarnmant rtgulalioni and tn« IATA Oangtrous Goods Htgulallons.

Signature pi Shipper

Title Dale

Kama and address ol Shipper

\
\

TMa packag* eenulnt auealanct(t) In Clai*
(check applicable bo*(t()
Class: 2 3 4 S t 6 »

D D D D D D D
and Ihe applicable UN Number* a/c
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SHIPPER'S DECLARATION FOR DANGEROUS GOODS (Prorid* at U

Shipper Air Waybill No.
Page of
Shipper's Rsfen i Mumb«r

Consignee Federal Express Corporation

Trt ttmplitiJ iti tiytti ttpits tl Ikit 0K/«r«r/«f mitt **
kotdtt it tkt tptnttt.

TRANSPORT DETAILS
This shipment Is within the .
limitations prescribed for:

PAMINOOt
AMOCAftOO

CAMO
AJROUTT
ONLY

Airport of Departure

Airport of Destination:

WARNING

Failure to comply kied respects with the applicable
DangeroHS Goods Regulations may be In breach of
the applicable tew, subject to legal penalties. This
Declaration rmrst'wt. In any circumstances, be
completed and/or signed by a consolidate!1, a
forwarder or an IATA cargo agent

Shipment type;
[ NON-RADIOACTIVE I RADIOACTIVE I

NATURE AND QUANTITY OF DANGEROUS GOODS

Dangerous Goods Identification

Proper Shipping Nsme
Class

or
Divi-
sion

UN
or
ID
No.

Subsi-
diary-
Risk

Quantity and
fypaaf packing

Packing
Inst.

Authorization

Additional Handling Information

I hereby declare that the content* of this consignment are fully and
accurately described above by proper shipping name and are classi-
fied, packed, marked and labelled, and are In all respects In the proper
condition for transport by air according to the applicable International

Name/Title of Signatory

Place and Date
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SHIPPER'S DECLARATION FOR DANGEROUS GOODS
Air Waybill No.

Two completed end signed copies of this Decleretion must
be hendid to the operetor

TRANSPORT DETAILS
This shipment is within the
limitations prescribed for
(dttttt non-»

Airport of Departure

PASSENGER
AND CARGO
AIRCRAFT

•CARGO
AIRCRAFT
ONtY

WARNING
Failure to comply in oil respects with tht opplieo-
ble Oon0trout Goodt Regulotioni moy be in
breoch of the opplicobU lew, subject to legol
penolliei. Thjs Declaration mwst not, in ony eir-
cvmstonco, be compltled end/or signed by o
contolidotor, o forwarder or on IATA corgo
og«nt.

Airport of Destination^
Shipment type (dtltii non-»pplicit>i*l

NON-RADIOACTIVE I RADIOACTIVE

NATURE AND QUANTITY OF DANGEROUS GOODS

Otngtrout Goods Identifieition

Proper Shipping Name
Class

or
Divi-
sion

UN
or
ID
No.

Subsi<
diary
Risk

Quantity and
type ol packing

Packing
Insi. Authoritation

Additional Handling Information

I hereby declare that the contents of this consignment are fully and
accurately described above by proper shipping name and are classified,
packed, marked and labelled, and are In all respects in the proper
condition for transport by air according to the applicable International
and National Government Regulations.

Name/Title of Signatory

Place and Date

Signature
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,-. Production Planning and Control SOP 1.7; Samp Ie Custod i an
' * "!

'.- The Sample Custodian has responsibility for the following tasks:

<;«. * Raw sample storage
?•"''

' * Pulling raw samples according to request list
(••S; * Extract storage

~ * Extract check-in
&
t * Purging extracts

» > * Storing extracts (final)

_'" The Sample Custodian's first priority In performing these taŝ ks is to ensure

£ that sample security and chain-of-custody requirements are met. These require-
~?i

~~ ments include limiting access to the walk-in and extraction refrigerator,
*-"••

receiving raw samples and transferring them to the extraction Lab, and recording

;'•;• extraction receipt and transference to the Analytical Lab. Additionally, the
^

_-' Sample Custodian must record any exceptions to standard handling procedures in
fr-7- an Exceptions Log, which documents who requested that a sample be handled dif-

~~ ferently how that sample was handled.

I —
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Production Planning and Control SOP 1.8; Purging and Storing Extracts

After and ERA extract has been analyzed and the data has been reported, it

is stored by case in case-specific boxes and transferred to the walk-in freezer

for final storage. In the case of EPA extracts, 180 days after the report has

been sent, extracts can be wither disposed of or sent back to the EPA, depending

on the decision of the Deputy Project Officer.

After a commercial extract has been analyzed and the data has been

reported, it is stored by CompuChem number in boxes and is transferred to the

walk-in freezer for final storage.
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Production Planning and Control SOP 1.9; Handling Sample Requests

The Sample Request Form lists the raw samples that are to be processed by

the Extraction Laboratory. The Extraction Lab Supervisor fills out and gives

the Request Form to the Sample Custodian, who pulls the raw samples according to

the CompuChem numbers listed on the form. The Request Form indicates the sample

preparation laboratory and serves as a record of what samples were pulled for

extraction on a given day. It is important from a chain-of-custody perspective

that signatures and dates for the "Relinquished By" and "Received By" fields are

recorded. (See example on the next page).

The Sample Custodian is responsible for maintaining a Sample Request Form

Book that holds all Request Forms for future reference. Under certain rush con-

ditions and only with the permission of the Manager of Production Planning and

Control, the Sample Custodian may pull raw samples without having received a

Sample Request Form. When such a request is made and approved, the Sample

Custodian must record the pulling of a raw sample in the Exceptions Log,

recording in the log the CompuChem Number of the sample, the date of the

request, and the initiator of the request.



Laboratory:

COHPUCHEM LABORATORIES

Internal Chaln-of-Custody

Requested By:.

Samples For: 1 2 3 Shift
(circle one) Time Requested:.

Check Where Applicable:

COHPUCHEHI's PULLEDf ) CONTAINERS
COHPUCHEHI's PULLED f ) CONTAINERS

22.

22.

23.

24.

25.

26.

27.

18.
29.

20.

RELINQUISHED BY./
RELINQUISHED BY.

RELINQUISHED BY

DATE•
DATE.

DATE

RECEIVED BY.

RECEIVED BY.

RECEIVED BY

DATE.

DATE.

DATE
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Production Planning and Control SOP 2.0; The Extraction Worksheet (Sample
Custodian)

The Extraction Worksheet records information concerning the sample prepara-

tion processes (an example of this form and an explanation of Its completion are

contained In Sample Preparation SOP number 2.3.). The Sample Custodian uses

this sheet to pu l l and check extracted samples. For the sample to leave the

extraction lab, the Custodian must complete the following checks:

* Comparison of CompuChem sample numbers appearing on worksheet to those on
extract vials;

*

* Match the preparation code on the worksheet to the code on the sample;

* Check for the Initiation and completion date on the worksheet;

* Check for the listing of a blank associated with the samples listed on
the worksheet;

* If a Quality Control Duplicate or Sample Spike is listed on the
worksheet, check for the CompuChem number of the Duplicate's or Spike's
or i g i na I;

* Check the Extraction Worksheet for the sample's original volume/weight
and for the extract's volume/weight;

* Check the volume of the extract vial against the volume indicated on the
worksheet.

Once these checks are completed, the Sample Custodian stores samples properly

and securely in the reach-in refrigerator. The Custodian then makes a copy of

the worksheet, giving the copy to the Scheduling Control Clerk and the original

to the Extraction Lab Supervisor.
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Initial Documentation for SOPs: Including Designated Personnel Responsibilities

This Standard Operating Procedure, Production Planning and Control, number
1.7 through 2.0, was written from an interview conducted by W i l l i a m J. Gargan
with Bernard with Ann Marie Flaherty during the period from December 17, 1984
to January 21, 1985. The Director of Quality Assurance and the Manager,
Production Planning and Control, have read and approved this procedure.

SOPs approved by: _______ _____________ Date:
Director of Quality Assurance

SOPs approved by: |Q-cXcx̂ t L &£***, — _____ Date:
Manager, Production Planning and Contro I

These procedures describe how tasks are performed in the Production Planning
and Control area. If a question arises concerning the proper procedure to follow
for an activity in this area, these SOPs should be consulted to resolve the ques-
tion. Also, these SOPs are a valuable source of material for training purposes.

After the manager of this area believes the person responsible for these
tasks has mastered these SOPs, both the manager and the employee should sign and
date this form, assuring that these SOPs are understood and w i l l be followed in
the d a i l y operations of CompuChem Laboratories. Please forward a copy of this
signed and dated form to Quality Assurance.

Employee's name: _______________________ Date:. _________

Employee's title: _________ _____________

Employee's name: ________________________________ Date: _________

Employee's title: ______________________________

Employee's name: ___________________________ Date: _________

Employee's title: _______________________

Manager's name: ______________________ Date: _________

Manager's title: _______________________
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Production Planning & Control SOP 1.1: Logging In Samples

The following steps are completed for all samples as they are received by

CompuChem Laboratories. (If for any reason a sample requires special handling

upon receipt, the Manager of Production Planning and Control is consulted for

directions as to the proper handling and documentation of the samples.)

* Before opening and while inspecting each sample, each employee is
required to wear protective clothing (lab coat and gloves). These
items need to be worn at all times when in the marked areas (blue
line).

* Inspect each sample container before opening, making sure that it has
not been damaged or opened during shipment. For those clients using
padlocks, sealing tape, or custody seals, inspect these items to make
sure that they are intact and record this observation on the chain-of-
custody form (see Example 1, at the end of this SOP). If the custody
seals, tapes, or padlocks are broken, contact Customer Service (for
commercial samples) or the Sample Mangement Office (for EPA samples)
for permission to continue processing the sample.

* Each container is opened under the hood and checked for breakage.
Check for the condition of the refrigerant (whether any ice remains or
whether the cooling packs are solid) and obtain the temperature of a
representative sample (liquid samples only) by immersing a clean ther-
mometer in the sample. Record the temperature on the Sample Record
(see Example 2, at the end of this SOP).

* The temperature and pH are recorded on the log sheet. See Ex. 1 and 2
lab notices if a variance occurs.

* Receiving personnel must sign and date all chain-of-custody documen-
tation upon sample receipt and record any discrepancies (sample matrix,
for instance) on the chain-of-custody form.

* The Supervisor of Sample Receiving must verify that the Receiving Clerk
has signed and dated the chain-of-custody form.

* When a CompuChem SampleSaver« is received, record this receipt (on the
file card) in the CLMS and insert the file card (contained in the
SampleSaver*) into the file-card storage box, according to the date
received.
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* Remove samples from the shipping container and compare the sample Iden-
tification Information on the sample bottles to the sample Information on
the traffic sheets, packing lists, and chain-of-custody form included in
the container (see Examples 3A and 36, at the end of this SOP). If discre-
pancies exist, note the problem on the chain-of-custody form and notify
Customer Service (for commercial samples) or SNO (for EPA samples).

* Each water VOA is checked for air bubbles and headspace, and noted on the
chain-of-custody form.

* On each complete and correct EPA Chain of Custody and Traffic Report
the statement 'Received in Good Condition1 is written or stamped, ini-
tialed and dated by the receiving individual.

* On each complete and correct Commercial Chain-of-Custody the statement
'Received in Good Condition1 is written or stamped, initialed and dated
by the receiving individual.

'Received in Good Condition* is intended to indicate that the sample or
samples were received intact with all associated sample tags (if
applicable), custody seals (if applicable), pH for inorganics, and
corresponding documentation in order. If there are any discrepancies
in the documentation or other problems (such as breakage of the con-
tainers or chain of custody seals), the exceptions are noted on the

appropriate documents, initialed and dated.
* The statement 'Received in Good Condition' does not, however, include

sample temperature since EPA samples are generally received at tem-
peratures above the recommended 4°C. The temperature is noted on
the sample Log-In Sheets and the gray envelope.

* Check incoming samples against SMO scheduled receipts (for EPA
samples).

* Log the sample in on the Accessioning Log, noting the following items:

Case number Temperature

CompuChem sample ID Client name or order number

Receiving date (RD) Sampling date (SD)

Analysis codes Matrix

Volume received pH (Inorganics Samples Only, see PP&C SOP 3.1)
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* For EPA samples, enter the samples' account data into the marketing
section of the CLMS in order to generate the order number and asso-
ciated requisition numbers. For commercial samples, contact customer
service to check for the existence of the order. Then complete the
order in the CLMS, and complete the EPA Scheduling Log (Example 4, at
the end of this SOP).

* Enter sample into sample receipt portion of CLMS in order to generate a
CompuChem number for each sample. Fill in the CompuChem number on the
accessioning log sheet (this completes the log sheet).

* A CompuChem label is generated in numerical sequence.

* Label samples with the CompuChem number by wrapping each sample bottle
with its computer - generated CompuChem sample label. Sample labels
are color coded, and are to be rotated with a different color every 2
week period by the Supervisor of Receiving or the' Supervisor
designee.

* Each log sheet is reviewed by the Supervisor of Environmental Receiving
to ensure information is documented. After review each log sheet is
stamped as reviewed and initialed and dated.

* Transfer the labelled samples to the secure, locked walk-in cooler
facility.

* The CompuChem number is listed on the original Chain-of-Custody next to
the associated client 10 when possible.

* Access the Quiz portion of the CLMS to produce the worksheets for EPA
sample analyses. For EPA samples the system will generate volatile,
semi-volatile, and pesticide worksheets. For commercial and inorganic,
samples, pull the appropriate worksheets from the worksheet files; the
analysis codes for these samples should have been included with the
packing information and confirmed with customer service. Note the
following destinations for the various worksheets:

Pesticide/Herbicide Worksheets: GC Lab Volatiles that do not
require compositing: GC/MS Lab Inorganics: Inorganics
Preparation Lab Volatiles requiring compositing, all EPA volati-
les, acid/base-neutrals (commercial), semi-volatiles (EPA), and
commercial TCDD's: Production Planning and Control for sche-
duling.
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To produce ERA quality control worksheets for the QC samples associated
with a batch of samples, access the ERA Water or ERA Solid programs of
Quiz in the CLMS and enter the samples' CompuChem Numbers; copy these
worksheets on green paper. To assemble commercial QC worksheets, pull
the appropriate green fraction worksheets from the trays in the
Shipping and Receiving area. Separate QC Sample Records are used to
document the analysis of the QC samples associated with a particular
batch. These are printed after the entry of sample numbers into the
system and are put into green QC folders for Report Integration.
Included in the commercial folder are the Sample Record (generated by
the CLMS), a copy of the order form, and, if necessary a copy of the
Chain-of-Custody Record.

Assemble commercial file folders for Report Integration; include
in the production sample's folder the Sample Record, Customer Sample
Information Sheet and Chain-of-Custody Record; 1n the green quality-
control folder include the QC Sample Record, which also goes to Report
Integration.

Assemble ERA file folders for Report Integration; ERA only has the
Sample Record in the file folder. A gray envelope contains all
materials for the case including: yellow copy of the OTR (Organic
Traffic Report), Chain-Of-Custody, original air-bill, a copy of the Log
Sheet (also called Accessioning Report), a copy of the ERA scheduling
Log (see Example 4A, at the end of this SOP), Custody Tags (if received)
and a grey envelop contents sheet (See 4b). The white copy of the OTR
is returned with a cover sheet to the EPA/SMO (Sample Management Office)
(See Attachments 4c and 4d). The original ERA Scheduling Log is put in
the ERA Book (kept in the Receiving area).

If problems arise concerning received samples, contact Customer Service
(for commercial samples) or the Technical Management Staff (for EPA
samples).



LABORATORY NOTICE

CompuChem I

Sample ID

Case 1

Type of Analysis

Receipt Date

'•'The pH reading for the sample listed above vas , the required pHlevel is•^ - - - -
. • **.

~~ The Client was contacted by a member of CbnpuChem's Environmental Marketing
i -Department. The Environmental Receiving .Department was instructed to:

— _ . _ Preserve In-base by Inorganics Prep Lab

• ... Analyze As Received, and Qualify with this Notice

~* ... Di«po»* " Client will resample

1: ... Subcontract Lab to Preserve

Supervisor Signature

Date



LABORATORY NOTICE

CompuChen t

Sample ID

Case «

Sample Typ«

Receipt Date

required temperature for Environmental camples requiring Organic/Inorganic
Analysis is J»C(+/-2C). The temperature of the sample listed above was

—— —— —— ——

Client was contacted by a member of CompuChem's Environmental Marketing
; Department. The Environmental Receiving Department was instructed to:

,,, _ _ _ Analyze As Received, and Qualify with this Notice

' _ _ _ Dispose - Client will res ample

Supervisor Signature

Date



!...,•- *:'-.,;: U.-«' '• .-'•:•;-•*. -T-V ''1 ?i'-.; ::V .-. >; -•-. . .•• :

SAMrUftS.

IT A. MO. DAT! I •TAT10M LOCATION
TAMffNt

KtMANKS

X

I

HIM l̂ MV j WHV HOTMVOT v^fi

OMt Tbtw

OMi Tlnw
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Sample Record

Requisition Number:
Case:
Turnaround: Priority:
Analysis Codes:

CompuChem Number:
Account Number:

Due:

Lab Instructions

Jtecjsivin̂  £at a_
Sample Identification: . SS Code:
SS Number: Receiving Codes:
Date Received: Time:
Receiving Information:
Containers Received:
Matrix: Temp: Sampling Date(s):

Oeliverables Code:

Lab. Re£uirement_s

Laboratory Repeat
Completion Date
Date

Company Name:
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Example 2 (Cont.)

Requisition Number:
Case:

Sample Record

CompuChem Number:
Account Number:

FOOTNOTES:

ices

Company Name:



COWCHEM UBOUTOklES

EPA/CAff RECEIVING Stwt for:

t: ^_

ID:

Of

[ ] ORGANIC
[ ] INORGANIC

Order e:

too/It t: Region t: TAT:

DellvtridBy:

Tags: [YES] [W]

CM In Of Custody: [YES] [NO]

Bill •:

I | OMCKTS/RDMftKS
1 1
! 1
1011
1 1
1021
1 1
J03I
1 1
1041
1 i
1051
1 1
1061
! 1
107!
1 1
1081 -
1 1
109!
1 1
110!
1 1
mi
l l
M2I
! t
1121
1 1
M3!
I I
I 151
! i
1161
1 1
1171
1 1
M8I.
1 1
1191
1 1
I20|

SAiPLE 10 CCe SO ANALYSIS
ODE

MATRIX |

J

.-V

•

VDUIC MO C/&H

Logged In By:

Recelvsd Bv:

(Signature)

(Signature)

Review) By:



UB3U7IKIK

Otte Sejvies ReoeivM at Laboratory _____

Client Order e

Case 10:

Cain of Oartoc/ (Yes) or (re)

TAT

By: t B i l l • fttartract e

• IOMCKTS
(MUMS
1

on
1

021
1

031
1

041
1

051
1

061
1

07|
1

osi
1

09!
1

101
1

111
1

121
1

131
1

14!
1

15!
1

161
I

171
J

181
I

19!

R£C surj 10 CCt SO |

1

*H tap Ant lysis
Code

Matrix Volune

'

togped In By:

Hacelvetf By:

Review) By:
(Signature)

(Signature)
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Example 3A

COMPUCHEM LABORATORIES

date shipped date received
to consignee:__________ from consignee:

number of sample:_________________

consignee name:_________________

address:

DO NOT REMOVE: FOR COMPUCHEH USE ONLY
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Example 38

PLEASE NOTE THAT ANY AND ALL PRESERVATIVE(S) ARE TO
BE ADDED BY THE CUSTOMER AT THE TIME OF SAMPLE COLLECTION

At the end of the sampling period, it is vital to ship the sample via express
transportation. To insure proper follow-up and prompt analysis, please call
1/800-334-8525 and provide us with the following information:

1. Date Shipped
2. Time Shipped
3. Freight Carrier
4. Freight Bill of Lading Number

Sampling Period

From:

Date ___________________

Time __________:___________________

To:

Date ____________________________
Time

Company

Address

City & State ________________________ Zip Code

Sample Name/Number ___________________________

Return this form in the envelope provided and return with the SAMPLESAVER.

Thank you.

i WJK
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ERA SCHEDULING LOG FOR WEEK ENDING SATURDAY
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(DATE)

CASE NUMBER:
REGION:
DELIVERABLES CODE:
ACCOUNT #:

NEW CASE: OLD CASE: COMPLETED CASEESTIMATED SHIPPING DATE:
TURN-AROUND-TIME:

CONTRACT PRICE CODE:

QDARTIT?-EXPECTED:

CONCENTRATION: : LOW

: WATERS ORDER #:
": SEDIMENTS/SOILS
": EXTRACTS
": DIOXINS AIRBILL *:

: MEDIUM : HIGH

DATE SHIPMENT RECEIVED:
QUANTITY RECEIVED:

CONCENTRATION: : LOW

TEMPERATURE:
WATERS
SEDIMENTS/SOILS
EXTRACTS
DIOXINS

: MEDIUM

TAGS: YES/NO

HIGH

PROBLEMS/COMMENTS:

SMO CONTACTED AT (TIME):
RESOLUTION FROM SKO:

SPOKE TO:



f -

EXAMPLE 48

CONTENTS FOR GRAY ENVELOPES
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Revision No. 5
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DATE:

EPA: [] ORGANIC CASE
[ ] INORGANIC CASE
[ ] DIOXIN CASE

CASE*:
NO. OF TRAFFIC REPORTS:

COMMERCIAL:

ORDER*:

C 3
CLIENT

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

YE
C
C
C
C
C
C[
C
C[[
C

;s3
3
3
3
3
3
3
3
3
3
3
3

NC
C
C
C
C
C
C
C
C
C
C
C
C

)
3
]
3
3
3
3
3
3
3
3
3
3

N,

C
C[
C
C
C
C
C[

'A

3
3
3
3
3
3
3
3
3

ITEM COMMENTS
CHAIN-OF-CUSTODY
AIRBILL
DAILY LOG SHEET
TRAFFIC REPORT (EPA)
SHIPMENT RECORD (EPA)
TAGS
DAILY pH CHECK SHEET
SMO COVER LETTER
EPA SCHEDULING LOG
COMMERCIAL SCHED. LOG
SIS (* - )

COMMENTS:

SAMPLE RECEIPT/SCHEDULING:
QA SECTION (IF REQUIRED):
DOCUMENTATION CONTROL:

SIGNATURES/INITALS DATE



'\ DATE:______
- j ^̂ Ŵ WM̂ ^̂ B̂ ^̂ B̂

:>? Dear Linda,

" Enclosed are the SMO and/or Regional copies of the Organic Traffic
Reports (OTR) for Case #
received by CompuChem Laboratories on

If you should have any problems or question concerning this package,
please do not hesitate to contact Richard Bloom at extension #215,
or myself at #219/220.

Thank you,

Natalie Carter

Additional Comments:



COMPLCHEM
lABOf&TORIES

•AXPLl DILXYB*Y 0KOUP <«DO)
TRXJ7IC REPORT (*ft) GOTO CUXT

l*b Ifaae:
IS Case No.i

Contract Wo.s tl-01<
__ SAS Ho.I

Pull Cample Analysis Price in Contract! f_

SDC Ho./First Caaple in CDG:
(Lowest KPA Caaple Number
in first shipaent of

saaples received under CDG)
Xest Caaple in CDG:
(Highest EPA Caaple Kuaber

: .in last *hipaent of
aaaples received under CDG)

Caaple Receipt Date:

Caaple Receipt Date:

(KK/DD/YY)

(KM/DO/YY)

ZPA Caaple Kuabers in the CDG (listed in alphanuaeric order):

i

t
s
4

5

4

•T

•

f

10

11

u
11
u
IS

u
17

w

Kotet There are a aaxinua of 20 field saieples in an SDG.

Attach Traffic Reports to this form in alphanumeric order
(i.e., the order listed on this fora).

Saaple Custodian Date



APPENDIX A.5

COMPUCHEM LABORATORIES, INC.

DATA PROCESSING PROCEDURES
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8.0 Data Processing

Q This section summarizes the manner 1n which all aspects of data proccesslng are
f? managed and evaluated 1n order to maintain data Integrity and characterize data
/" quality. These processes Include data collection, validation, storage,

|| transfer, and reduction. Specific details of the procedures used by the
automated data processing and computer systems operations are documented 1n the

a
H Individual laboratory SOPs and the Report Preparation Department SOPs.

I?, 8.1 Collection

Analytical data are generated from the GC/MS computer software, GC computer, ICP

1:1 computer, Atomic Absorption Spectrophotometers, Autoanalyzers, and associated

[•--•; laboratory Instrumentation. The outputs Include Identifications of compounds
or elements, concentrations, retention times, and comparisons to standards.

.•'• Outputs are 1n graphic form (chromatograms), bar graph (spectra) and printed

tabular form. The outputs are 1n standard format specified for each analysis
•-i type and are monitored for consistency. If Incomplete or Incorrect output 1s

jr. generated, corrective actions are taken according to SOPs established for each

type of analysis and consistent with the manufacturer's recommendations.

A All outputs of each of the Instruments may be checked manually for each
?;» procedure (e.g., GC chromatographlc peak area Integration and calculations may
" be reviewed manually for baseline designation and quant 1 tat 1on). In the data

review process (see section 8.2, Validation), the data produced are compared to
~ Information concerning the sample processing history, sample preparations,
i v

: sample analysis, associated QC data, etc. to evaluate the validity of the

results.
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Ancillary data produced for Internal records and which may not be required by

; the customers as part of the analytical data package Include the following:
laboratory worksheets, laboratory notebooks, sample tracking system forms,

/r~

':: Instrument logs, calibration records, maintenance records, standard prepartlon

.-;-. records, and associated quality control sample data. These data are available
_; for Inspection during audits to verify the validity of data and are also
^ deliverable, depending on the client's needs.
#

ft:
^ A complete record of each sample's history 1s available for documenting Its

..^ progress through the laboratory from sample receipt to reporting. Document
•j\

_J- control (see section 4.4 of the QA Plan) and cha1n-of-custody (see Appendix E)
•'• requirements present additional Information describing these documentation and

— archiving processes.
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0 8.2 Validation

.. Data validation takes on two scales. First, the Quality Assurance Department 1s
charged with the responsibility of monitoring all laboratory QC activities, and

(5 to verify that systems are 1n control. These responsibilities and the manner 1n

which they are executed are described 1n the QA SOPs as well as this QA Plan.
'~\
''';( The QP Department therefore plays a role 1n data validation 1n the context of
.,. the overall QA Program.

'•.;t

Of course, data validation also occurs on a sample-by-sample basis. This 1s the
"A responsibility of the various levels of data review taking place within the
K:- laboratory. The first level of review occurs "at the bench"—this 1s the
'* Initial review by the Instrument operator or analyst, responsible for assessing

J";: the following:

_ - cross-checking all sample Identification numbers on worksheets, extract
*~i v1als/d1gestate bettles, and Instrument outputs

• calculation of surrogate recoveries and Internal standard responses (when
7^ applicable), and verification that QC acceptance criteria are met.

- verification that all calibration, tuning, linearity, and retention time
— drift checks are within QC acceptance criteria

; - verification that all target analytes are within the Instrument's
_ analytical range and deciding on appropriate dilutions when necessary
; - determination that peak chromatography and other Instrument performance

characteristics are acceptable
:V • verification that cha1n-of-custody 1s Intact based on accompanying
: paperwork

•r.3

'< The second level of review 1s performed by the 1n-lab Data Review staff. In the
"7\. GC/MS Laboratory, these reviewers are all experienced Mass Spectroscoplsts

qualified to perform mass spectral Interpretation. GC Lab and Inorganics Lab
Data Reviewers are degreed, senior-level chemists. The Senior Data Reviewer,
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Manager of Data Review or Lab Manager also audit a percentage of these data
prior to being released to the Report Preparation Department. In-Lab Data

Reviewers verify all assessments previously made by the operator/analyst, and
also evaluate the following:

- verification that all quality control blanks meet QC requirements for
contamination, and that associated sample data are appropriately
qualified when necessary

- calculation of matrix spike recoveries and duplicate RPDs, and
verification that accuracy and precision QC criteria are met

- comparison of all Injections of a sample, and comparison of matrix spikes
with the original unsplked sample, for acceptable replication

- qualitative Identification of all target analytes using specific SOP
Interpretation criteria

- verification of computer quantltatlon of all target analytes, Including
evaluation of Extracted Ion Current Profiles (EICPs) and of chromatograms
for proper resolution and Integration, when necessary

- verification that analytlca1 worksheets have been completed by the
operator/analyst, Including date and Initials

- for pesticide GC/MS or GC confirmation analyses, verification that target
analytes were within retention time windows and/or evaluation of spectra
for proper Identification, and comparison to Initial analysis

- for GC/MS analyses, evaluation of Library Search mass spectra,
characterization of tentatively Identified compounds, and verification of
calculations for estimated concentrations of these compounds

- verification that GLP was followed relative to the correct procedure 1n
making changes to data

The completed data package, which has been reviewed on an analytical fraction
basis (I.e.. volatlles, adds, base/neutrals, pesticides), 1s then forwarded to
the Report Preparation Department. The package 1s then Integrated with other

fractions from the same sample, and with associated deliverable Items as
required by the client, and forwarded to the Final Technical Review staff for
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the third level of review. The Final Technical Reviewer, also a senior chemist

and experienced data validation specialist, assesses the complete data report

(or "case", for CLP-format reports) and double-checks all Items previously
validated by the 1n-lab Data Reviewer. Additional assessments Include the

following:

- review of all data summary documents and verification of correct
transcription from raw data

- comparative evaluation of data from Individual fractions of a sample, and
of samples from the same site, project or case, for consistency of
analytical results and resolution of discrepancies

• checks data report or case for completeness
• for CLP-fonnat reports, a "case narrative" must be written that

authorizes release of the data, provides end-users a "history" of the
sample processing, documents the quality control process used and
exceptions to Statement-of-Uork criteria, and summarizes any corrective
actions taken.

Upon completion of all levels of review and authorization of data release by the

Final Technical Reviewer, the data report (or case of reports) 1s sent to the
Dellverables Department for mailing.

Senior members of the Quality Assurance Department are also required to audit
approximately 10* of all analytical data. The QA auditor performs the same

assessments as the Final Technical Reviewer. Findings from these data audits
are presented 1n a report to management, as described 1n section 10.0 of the QA
Plan.
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8.3 Storage

At every stage of data processing at which a permanent collection of data 1s
stored, procedures are established to ensure data Integrity and security.

Specific QA Project Plans Indicate how specific types of data are stored with
respect to media, conditions, locations, retention time, access. The following
chart Indicates general guidelines as detailed 1n Production, Planning Control

SOP 2.9:

me Access
f1c Document Custodian

or other designated
personnel

locked off-site Indefinitely Document Custodian
warehouse or other designated
(environment personnel
controlled)

Media

Hardcopy

Conditions

locked
warehouse

Location

off-site
Retention

cl1ent-spi

Magnetic
Tape
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' 8.4 Transfer

j-v All data transcriptions for final reports to clients are perfomed by Report
•** .*•

Preparation Clerks. For non-CLP reports, the reportable data 1s reviewed and
r-r,
xi approved by the Final Technical Reviewer, then word-processed by computer.

Validation of the word-processing function 1s performed by a proofreader prior

•'A to release of the data. For CLP reports (whether to EPA or commercial clients),
s% all raw data are reduced Into deliverable format by Report Preparation Clerks,
i'.'.

Including the summary of data onto forms required by the Statement-of-Work.

if Data summaries are accomplished by utilizing a PC-based software system that
extracts data directly from the laboratories' computers. The data are then sent

• ,*o

H to the Final Technical Reviewer for validation. In either case, the Final

f.f Technical Reviewer 1s provided with both the deliverable report and the
non-deliverable back-up data, and must validate all transcription processes.
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8.5 Data Reduction
t -
jf Data reduction Includes all processes that change either the Instrument/computer-

generated values, quantity of.data values or numbers of data Items, and
# frequently Includes computation of summary statistics. Documentation of the
rn calculation process 1s required. In most cases, a programmable calculator,

PC spreadsheet or computer program 1s used 1n this process. The documentation

1* allows the reviewer to verify the validity of the data reduction process. All
computer-generated compound lists containing the reportable results Include

:•'. formulae used 1n performing the calculations.

F"^ CompuChem's policies regarding the use of significant figures and roundlng of
"7., results are outlined 1n Appendix H. An extra significant figure 1s carried

i through all calculations until the final, reportable result 1s generated.
.-.-;• Analytical results are never corrected for blank (background) contamination, but
_ are flagged and footnoted appropriately.
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T. 10.0 Corrective Action

|;> 10.1 Introduction

Generally, there are two types of corrective actions that may be required when
r% data quality falls below specified limits. The first type, and the simplest to

T/_ Implement and document, 1s corrective action required because routine data
•-. *•'

1 quality assessments are out-of-control. Surrogate and spike standard

*?* recoveries, relative percent differences between duplicates, Internal standard
response variations, and unacceptable blank contamination are some of these

&• assessments 1n the first category. These are all performed on a sample-by-

— sample and/or batch basis, and corrective action 1s limited to evaluating the
'!; data with respect to SOP criteria, and accepting or rejecting the sample/batch.
7? The decision that 1s made 1s clearly Indicated on analytical worksheets, and
f'

unless a trend 1s observed during the course of data validation, additional
[•if corrective action or documentation 1s not necessary.

f* The second type of corrective action 1s that required when other, more global
'--* ;

^ QC/QA assessments, are made. The assessments might typically Indicate
& systematic defldences or those affecting data useabHlty for more than one
— batch (I.e., glassware contamination checks, standards preparation errors, etc.).
''' In most cases, assessments of this nature are made by reviewing peripheral QC/QA
•„,•] documentation, observing procedures for comparison with SOPs or GLPs, or

receiving feedback from data reviewers, management or those external to the

^ organization (clients, auditors).

- The following sections describe the QA reporting and feedback channels designed
to ensure that early and effective corrective action 1s taken 1n such Instances.
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In many cases, depending on the nature of the deficiency and the urgency for

remedial action, a Corrective Action Report (following this section) will be
completed. The report serves to document the deficiency, the required
corrective action, and accountability for the action.

For observations made over longer periods of time, the QA Department Issues
formal summary reports to management on a monthly or quarterly basis. Following

1s a brief discussion of the types of reports Issued to management to assess the

overall effectiveness of the QA Program and to reinforce the application of Good
Laboratory Practices (GLPs).

*'*
f



"T
r. «
.:">

CORRECTIVE ACTION REPORT

DATE:________

PROBLEM / DEFICIENCY!

IDENTIFIED BY:

REFERRED TO: _______________________________ (QA)

CORRECTIUE ACTION Jfl fi£ TAKEN; TARGET DftTE:.

FQLLQU-UP AUQIT FINDTNS?!

RESOLVED7 ______ DATE:

SOP REQUIRED TO BE WRITTEN/MODIFIED? YES I 1 NO t 3 TARGET DATE:.

This form to be filed with the Quality Assurance Clerk for permanent record.
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10.2 Routine QC Check Reports

The following routine quality control checks (also discussed 1n section 9.2 of
the QA Plan) are performed to verify that samples are not contaminated during
transportation, preparation, analysis or storage, and that standards prepared

Internally are traceable to certified sources.

— Vendor-Supplied Glassware Checks

— Glassware Decontamination Checks
— Water Purification Systems Checks

— Glassware Storage Cabinet Checks
~ Refrigerated Storage Systems Checks

— Reagent Purity Checks
« Standards Prepartlon and Traceablllty Checks

The criteria for these QC checks and corrective action steps are detailed 1n the

QA SOP Manual. Results are tabulated and/or plotted on control charts, and
records reviewed by the QA staff. A series of quarterly reports to management
summarize this Information and the status of these programs.
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x 10.3 Monthly (}A Activity Reports

These reports are produced by all members of the QA staff, and summarize key QA

i^ activities during the previous month. The reports are distributed to the
~r: Director of QA, and are provided as an attachment and referenced 1n the

Director's report to the CEO, the Executive Staff and senior laboratory
H management.

£ Included 1n these reports 1s a summary of significant quality problems observed

_' during the period, and the corrective actions taken to remove deficiencies. The
m
H; report stresses proactive measures that are being taken to Improve quality or
.0

— ensure compliance with QA program requirements.

_ Laboratory management uses the report to quantitatively measure monthly
r performance 1n terms of the number of samples processed, the frequency o"

repeated sample analyses due to unacceptable QC performance, and the cause of

the unacceptable performance. These data are all presented 1n tables, Pareto
control charts or attribute control charts, based on the characterization of
each analysis 1n the Computerized Laboratory Management System (CLMS) using a

system of analytical "condition codes."

The Condition Code System 1s used to monitor sources of data failures.
Condition code definitions are provided 1n an SOP to data generators and
reviewers who are responsible for assigning the appropriate code to each

analysis (see Appendix D). Each two-letter code Is used to characterize the
cause of a sample failure or the final status of the data package prior to

release to the client.

v»'•*-
V'.'
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Various computer programs may be used to sort condition code data according to
sample matrix and method. This system 1s used to pinpoint sources of error,

provide feedback to management, reinforce good laboratory practices, and
document laboratory performance over time. The QA staff also note 1n the

Monthly QA Activities Report any corrective actions taken or necessary
procedural changes, based on the application of condition codes.

Other Items Included 1n this report are:

—- Summary of any changes 1n certification/accreditation
status

—• Involvements 1n resolution of quality Issues with clients
or agencies

— QA organizational changes
— Notice of the distribution of revised documents controlled

by the QA Department (I.e., SOPs, QA Plan)
— Training and safety Issues, 1f not already covered 1n

audit reports during the period

— Performance of subcontractor laboratories (also
communicated 1n separate, detailed subcontractor audit
report to management)

— Positive feedback for acceptable performance on
Interlaboratory or Intralaboratory tests or successful
completion of audits.
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10.4 Laboratory Performance Reports

This quarterly report presents a statistical and graphical summary of the

laboratory's performance on batch-associated quality control samples analyzed

over the period. Included are tables, Shewhart control charts and I-charts (for
Individual data points) for all surrogate and spike standard recoveries.
Additionally, a monthly report to the Director of QA presents control charts and

tables for all Laboratory Control Sample (Blank Spike) and Blank recoveries.
The charts and tables are used primarily to document historical performance,
update recovery control limits, and monitor long-range trends that might not be

apparent to data reviewers evaluating data on a sample/batch basis.

!•-
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K).5 Laboratory Audit Reports
Quarterly audit reports are written by a member of the QA staff and distributed

to management, and summarize the results of Internal laboratory Performance

Audits, Systems Audits and Security/Access Audits. When external auditors are

Involved 1n Performance or System Audits, a report 1s written within the next
week by the QA staff member coordinating the audit. The report, summarizing

audit results as discussed 1n the debriefing as well as other observations, 1s

distributed to the CEO and senior lab management. The report Includes

corrective actions required as a result of the audit, and a schedule for
Implementation. A follow-up audit, usually within three weeks of the
distribution of this report, 1s conducted to verify that corrective actions have

~:. been Implemented.
i".

f- Performance Audits

Performance Audits are checks made by a QA staff member or other Independent
'2 auditors to evaluate the quality of the data produced by the analytical system.

-... These audits are performed Independent of an 1n addition to routine quality
tf control checks, and reflect as closely as possible lab performance under normal
n? operating conditions.

•f~i

~-, These audits Involve the review of approximately 10* of all analytical data
reports generated by the lab for calculation and data validation procedures, and

$f- overall data quality. Errors observed during the audit are characterized as

_ "critical" or "correctable" and tabulated. If necessary, based on audit
findings, an amended data report may be sent to the customer. Following this
section 1s a copy of the-QA Audit Summary used by auditors to tabulate the data
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for summary Into the Quarterly Performance Audit report. A thorough discussion

;'•; of these audits 1s Included 1n the QA SOPs. The reports are used by laboratory

~,« managers to provide feedback to-staff members and establish goals for Improved
"-t

performance.

'•>. A number 1n Interlaboratory and Intralaboratory tests are conducted routinely at

"V:.. CompuChem*, and the results are Included 1n Individual Performance Audit reports

specific to each test. When new methods are available to the laboratory or new
:> personnel are being trained, Laboratory Proficiency Tests are performed. These

tests consist of quadruplicate blank spikes, containing a full complement of*;?t~'̂ tests parameters to be analyzed by the method. The replicate results are
analyzed by a QA staff member, who generates a summary report to the Director

*3
'' of QA. This report Includes the standard deviation and mean recovery for each

p of the replicate parameters, and the data are used to statistically validate
method and/or personnel proficiency. For a thorough discussion of the method

f "
J;j validation procedures used, refer to Appendix A of the QA Plan.

?rj On a quarterly basis, blind Intralaboratory check samples are Introduced Into

the system by the QA Department. Parameters and methods are chosen for these
£»1* studies based upon Independent (Interlaboratory) tests from certifying agencies
"r- (Including the U.S. EPA and various state agencies), Laboratory Proficiency

'; Test results, Method Validation studies, or results from routine batch-related

^ QC samples. The existence of these check samples 1n the system 1s known only to
* those personnel Involved 1n preparing the samples and scheduling the analytical

'V: requirements Into the CLMS. A thorough report, detailing the entire data
I,- generation and support functions, 1s completed- by the QA staff and reviewed by
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7 the Director of QA before distribution to the CEO and senior laboratory

management.

> CompuChem* also participates 1n a number of external, Interlaboratory

7- performance studies. These are required as part of various agencies'

certification/accreditation programs. As a member of the USEPA's Contract
:.; Laboratory Program (CLP), the laboratory 1s required to successfully analyze

— quarterly, blind proficiency samples for both organic and Inorganic parameters.

!; The CLP program also requires an annual on-s1te Inspection by principals from

7^ the USEPA (and their contracted agents). These audits generally follow the
same format described below, Systems Audits.

- CompuChem* also participates "In a number of state certification programs,

r? Including those for North Carolina, New Jersey, New York and Florida. All of

;_ these programs require the laboratory to submit to annual on-slte Inspections 1n
u order to maintain certification to perform testing on samples originating 1n the

^ state. All states also require successful performance on Interlaboratory check
samples, submitted at least annually, though some reciprocity with the two NC

ri; programs (one for drinking water and one for wastewater certification) and

USEPA-CLP 1s allowed under certain circumstances.
*•";

" Several states utilize the laboratory's performance on the annual Water Supply

•;•; (WS) and Water Pollution (WP) proficiency testing series, orglnatlng out of the
_ EPA Environmental Monitoring ind Support Laboratory's performance on all
1 Interlaboratory and Intralaboratory check samples, tabulated by parameter and

method, so negative performance trends can be readily pinpointed.
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System Audits

•/• A System Audit 1s an on-s1te Inspection and review of the QA Program for the

total laboratory. While Performance Audits are a quantitative appraisal, System
& Audits are for the most part qualitative 1n nature. The System Audit may be

;;> either scheduled or unannounced before 1t 1s conducted, but occurs routinely on
at least a quarterly basis. The auditor reviews the laboratories' SOPs to

V: verify compliance with procedures and activities actually 1n place. Personnel
f y

and facilities are also evaluated during the System Audit. The auditor 1s
£;• required to Investigate anything which seems 1n conflict with the QA Plan, the

I? laboratory or QA SOPs, or Good Laboratory Practices.
*. .•

If deficiencies are observed during a Performance Audit, and 1f deemed
^ necessary, the QA Department Initiates a System Audit. The audit emphasizes the

p actions necessary to correct deficiencies noted 1n the Performance Audit. A

Corrective Action Report 1s completed, detailing all remedial actions taken, and
*l reviewed by the Director of QA. The report must Indicate the proposed
•i. »

Implementation date and the Individual(s) responsible for the action.

Many of the objectives of a routine System Audit are similar to those a client
[\ or Independent auditor would hope to accomplish during an On-Slte Laboratory

Vj Evaluation and Data Audit. These goals Include ensuring the following:

1. The quality control, Including necessary corrective actions , are being
f? applied

'•.

2. Adequate facilities and equipment are available to perform the client's
:.: required scope-of-work

3. The personnel are qualified to perform the assigned tasks
f 4. Complete documentation 1s available, Including sample cha1n-of-custody
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5. Proper analytical methodology 1s being applied

6. Acceptable data handling techniques are being used

7. Corrective actions Identified 1n any previous on-s1te visits have been
Implemented, and

8. The Laboratory Management continues to demonstrate a commitment to
quality.

These objectives may be documented by completing an EPA-approved Laboratory

Evaluation Checklist. In response to System Audits, any corrective actions

taken are noted with reference to the auditor's deficiency report and the lab's
Standard Operating Procedures.
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Missing/Incorrect:

•V: CAM/I Calculations missing/Incorrect
•" CCM/I Condition code missing/Incorrect

DFM/I Data footnote missing/Incorrect
!•< CFM/I Correction factor missing/Incorrect
;ij DWI ' Dry weight/percent moisture Incorrect

FNI Filename Incorrect
FFM/I Form 4 missing/Incorrect

fv- LSM/1 Library search missing/Incorrect
QNM/1 QA Notice missing/Incorrect
RRM/I Reportable run missing/Incorrect

•̂  SPM/I Spectrum missing/Incorrect
f': SRM/I Sample receiving Information missing/Incorrect

SSM/I Surrogate Summary Form missing/Incorrect
;• STM/I Standard package missing/Incorrect
..• TFM/I Tuning Form missing/Incorrect

UNM/I Units missing/Incorrect
y. WSM/I Worksheet m1ss1ng/1ncorrect/1ncomplete
xi 0AM/I OADS missing/Incorrect/Incomplete

jv Qualitative/Quantitative Errors:

HNR Hit not reported, but should have been
It HRE Hit reported 1n error, should not have been reported
f| HAI Hit amount reported Incorrectly
~ CFN Correction factor not applied to hit

SFI Significant figures (or roundlng off) Incorrect
I" TRE Transcription error

?-- Miscellaneous Errors:

ISF Internal standard area monitor Indicates failure
'.. ODI OWA date or time Incorrect
?< RNL RIC not labeledv SOL Surrogate(s) actually outside limits

WOU Uhlteout used on documents (dellverables)
f'V NSO Not signed off

CNI Change not Initialed

Condition Code Applications;
CS Carryover suspected
CT Contamination evident
RU Repeated unnecessarily
SF Spikes failed
UN Unacceptable, not needed
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6.0 Facilities. Equipment and Services

6.1 Introduction

This section describes the facilities at CompuChem*, the Instrumentation and
peripheral equipment, and the services provided 1n maintaining the facility.

CompuChem* 1s located 1n Research Triangle Park, NC. 15 miles west of Raleigh.
The total facility 1s comprised of both the Environmental and Forensic Drug
Testing Operations of CompuChem* Laboratories, Inc. The two operations have
separate laboratories that function Independently, Including separate computer
systems. Much of the office space 1s also separate, however, many
administrative functions overlap (I.e., Accounting, Quality Assurance, Human
Resources, Computer Operations) and share common office space. Facility space
allocation 1s described 1n section 6.2, and Includes the Environmental

Operations laboratory space, Environmental office space, and administrative
office space common to both operations, totaling approximately 64,000 square
feet. The two operations share two adjacent buildings which are connected by a
permanent, enclosed walkway. Electrical power 1s supplied by Duke Power
Company, with a service capacity of 2000 amperes at 480 volts. The

envlornmental controls for the heating, ventilating* and air conditioning

systems are Honeywell Electric and provide automatic starting and stopping as
well as temperature control. All critical temperature areas such as
refrigerators, freezers and computer rooms are monitored 24 hours/day by an

off-site monitoring firm. The temperature of the refrigerators and freezers 1s
maintained by a standby generator 1n the event of a power failure. The

electrical power to the computer room 1s regulated by a power conditioner.
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Building security 1s maintained at all times. The main entrance 1s monitored by

a full-time, contracted security staff (24 hours/day, seven days/week).
Visitors must s1gn-1n at the security guard's desk and be escorted through the
facility by members of the staff. The exterior doors as well as the doors of

various controlled access areas within the building are equipped with electronic
card readers, controlled by Rusco Electronic Card Entry Access System. A

burglar alarm system has been Integrated with the Rusco system to provide

protection when the facility 1s closed. Smoke detectors, as well as associated

pull stations and fire alarm horns, are provided throughout the building for
fire protection. Adequate fire extinguishers and emergency equipment are also
provided. The fire burglar alarms are also monitored by the off-site security
firm. When an alarm sounds, the off-site personnel alert the appropriate

laboratory personnel, the Sheriff's office, or the F1re Department, as
necessary.

CompuChemS1 Laboratories contains sophisticated, state-of-the-art Instrumentation

and data processing equipment capable of performing most organic and Inorganic

analyses. Two Hewlett Packard-3000 Series 70 mainframe computers are dedicated
to scheduling and tracking sample analyses through the laboratories and are

directly networked to GC/MS Instrumentation. An HP-3000 Series 950 mainframe
provides system redundancy 1n the event of primary system failure, and handles

additional production coordination. One of two HP-3000 Series 39 microcomputers
1s dedicated to systems research; the second handles all accounting functions.
The Computerized Laboratory Management System (CLMS) 1s accessed by laboratory,
marketing, systems, and accounting personnel via more than 90 CRT computer

terminals.
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The Manager of Facilities and Safety, Manager of Instrumentation, and Manager of
Computer Operations are primarily responsible for the evaluation, selection and

maintenance of all facilities. Instrumentation, and computer equipment,
respectively. The Manager of Facilities and Safety 1s also responsible for
overseeing general housekeeping services and functions as the Laboratory Safety
Officer. In this capacity, the Safety Officer conducts periodic safety
Inspections and manages the activities of the Safety Committee.

All analytical Instruments are maintained by a staff of full-time service
technicians, operating during all three shifts, seven days/week (also available
on-call on weekends). Instrument log books are maintained for each Individual
Instrument 1n each of the laboratories (6C/MS GC, Inorganics), for recording

routine maintenance performed by the operator or laboratory staff.
Additionally, service records for each Instrument are kept 1n the Maintenance

Department to record all routine and non-routine maintenance performed by
service technicians.

The Pure Water Room houses a state-of-the-art water purification system.

Municipal water 1s fed through two mixed-bed 1on exchange cylinders and a high

capacity activated carbon tank. The effluent 1s pre-pol1shed by two mixed-bed
1on exchange columns, distilled 1n a Corning 12-Hter all-glass still, then

passes through a Megapure Polishing System. This final purification process

feeds water through two more mixed-bed 1on exchange cartridges, and activated

carbon column and a clarifying filter. Water quality 1s monitored dally by an
1n-l1ne specific conductivity meter, and by the various method blank and
Instrument blank QC checks performed on the water. A similar system 1s used at
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an off-site warehouse facility to produce pure water used 1n the trip blanks
that accompany SampleSavers (sample coolers) Into the field during sampling
operations. The Sample Preparation Laboratory and QA SOPs Include additional
Information regarding the operation of the stills.

Two other laboratories have systems In-place to perform additional processing of
the water from the Pure Water Room. Teflon transfer lines feed the water Into

the Inorganics Sample Preparation Laboratory and Volatile GC/MS Laboratory

systems. Inorganics Lab pure water passes through an additional MHHpore Pure

Water System (with Ion-exchange cartridges and a carbon filter), and water for

the Volatile Lab 1s sparged with nitrogen 1n an all-glass reservoir for 24 hours

prior to use.

The laboratory also has a full complement of support equipment and

Instrumentation, such as glove boxes and hoods, walk-In refrigerators, freezer

units, autoanalyzers, and sonlcators.

The following sections describe the laboratory area by function and equipment.

The floor plan was designed to allow for the efficient and secure movement of
samples and data between work areas.
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6.2 laboratory Areas

Shipping and Receiving: This area 1s located adjacent to the laboratory section
of the building. Samples arriving are Identified and Introduced Into the
scheduling and control system. The sample receiving area for environmental
samples has about 1,570 square feet of floor space. The receiving area has 102
square feet of bench space for receiving and opening samples, three data entry
stations, one laboratory sink and ample storage shelving.

Walk-In Refrigeration System; This area 1s accessed from the Sample

Custodian's area outside of Sample Receiving. This 2,500 cubic feet system has
two Independent refrigeration units, 1s temperature controlled to 4°C ± 2°C and
1s equipped with an activated carbon air filtering system, which maintains an
environment free of organic vapors. The temperature 1s recorded dally. Both
entrances are secured by locks and the temperature-activated alarm system 1s

tied Into a private security service. In the event of unauthorized access or
temperature fluctuations, appropriate parties are notlfed by the private
security service. A generator maintains the temperature 1n the event of a
power failure.

Organic Extractions and Inorganic Preparations Laboratory; This area 1s
equipped with hoods as well as extraction equipment sufficient to process many
thousands of samples per month. The environmental sample preparation laboratory
has 2,008 square feet of space, four 8' fume hoods, three IEC centrifuges, two
vacuum ovens, two sinks, six water baths, and 220 square feet of bench space.

•

The air handling system for the sample preparation laboratory was custom
designed for the extraction process. Conditioned 100$ outdoor air 1s supplied
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Into the room through linear dlffusors and vented through exhaust ducts which

extend from wall-to-wall on the north and south ends of the laboratory. This

method maintains air flow at the work/stations at all times and virtually makes
the room a large walk-In fume hood. A complete air exchange occurs every two

minutes. Separate exhausts are provided for furnaces and hoods. Adequate
cabinet space 1s provided. Specially-designed water baths controlled and
programmable to temperature and duration are also used. The glassware
preparation room has 750 square feet of floor space and 1s equipped with two
glassware washers, 26 feet of stainless steel counters with four built-in

sinks, and one 72 cubic foot annealing oven.

Solvent Storage Area: This area 1s accessible through a secured door adjacent
to the extraction and preparation area. The room Is designed with reinforced
concrete walls, an automatic halon f1re-ext1ngu1sh1ng system, alarm systems and

a roof that relieves pressure 1n the event of an accident.

GC Laboratory: The laboratory's nineteen gas chromatographs are equipped

with autosamplers or purge-and-trap devices (Tekmar LSC-2) and are Interfaced
with a Hewlett-Packard 1000 laboratory computer for data processing (all of

which are Installed on a raised computer floor). A variety of detectors are
attached to the GCs, Including Flame Ion1zat1on (FID), Flame Photometric,

Electron Capture, Thermionic Specific (also called NPD or AFID), Photolonlzatlon
(PID), and Electrocoulometrlc (Hall) detectors.

GC/MS Laboratory: The special features Included 1n this area are numerous.

All twenty-three GC/MS systems are raised on a computer floor. This allows
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gas, water, cooling and exhaust systems required to support each Instrument to

be Introduced to the room Independently, beneath the floor. There are 12
distillation units for cyanide and 8 units for phenols distillation.

Equipment 1s arranged In efficient work stations. In this way, specific

Instruments can be utilized for specific types of analyses. Several Instruments
are physically Isolated from the rest of the GC/MS Laboratory by a glass wall
(with an Independent air handling system) dedicated to volatile organic
analyses. These Instruments are never subjected to semi-volatile work;
therefore, cross-contamination of the Instruments 1s eliminated. Furthermore,
each station of Instruments 1s staffed by experts familiar with the procedures
associated with each specific method. This staffing system allows Intimate
dally Interaction between the operator, his/her Instruments and the
methodologies required. All other Instruments are dedicated 1n a similar
fashion. The GC/MS Laboratory has a total of 3,380 square feet of space, and
1s provided with an Individual power supply from a breaker panel located

within the lab. The GC/MS Instruments are powered by three 1-phase, 75 KVA
480/220 volt isolation transformers. Helium, the carrier gas used, 1s supplied

from a manifold system in an adjacent room through a piping system under the

raised floor. There are three of these systems, each having a catalytic
scrubber to remove traces of oxygen and water, prior to entering an Instrument.

The 23 GC/MS Instruments are configured with both packed and capillary GC
columns, and have accessories for purge and trap, direct Injection, or solid
probe for Introduction of samples. Both electron Impact and chemical
ionization sources are available. Each GC/MS Instrument 1s equipped with Its

own dedicated microprocessor for data processing.
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Standards Laboratory; This area Is separated completely from all other
laboratories and 1s equipped with Its own GC Instrument. Refrigeration, glove
box and hood units are located 1n this area. The entrance to this area 1s
locked at all times and secured by a cypher lock.

Inorganics Laboratory: This area Is separated completely from all other

laboratories and has Inductively Coupled Plasma (ICP), Technlcon autoanalyzer,
Atomic Absorption Spectrophotometers (AAS) and UV/v1s1ble spectrophotometer
systems. Several other analytical Instruments required to perform classical
analyses are also located 1n this laboratory. Hood systems are also an Integral

part of this laboratory.

Mercury 1s detected by flameless-cold-vapor methods established by the USEPA
(Cold Vapor Technique). For maximum data management, the Inorganics Laboratory
uses a mini-computer (Digital, PDP11/73) Interfaced to the ICP Instrument

(Jarrel Ash, Model 1100).

Extract Storage: Sample extracts are stored 1n specially-designed refrigeration
units located adjacent to the Walk-In Refrigeration System. These refrigeration

units are kept locked and may be accessed only by a sample custodian. These
refrigeration units are also connected to an alarm system. In the event of
temperature fluctuations outside acceptable levels (4*C +. 2eC), appropriate
parties are notified by a private security service and the problem 1s corrected

by laboratory staff.
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H1oh Hazard Laboratory: A limited access laboratory has been designed for

sample preparation aspects associated with high-hazard samples. For example,
all samples requiring analysis for 2,3,7.8-TCDD are prepared 1n this lab.
Access to the laboratory 1s by means of a cypher lock. The hoods are equipped
with an HEPA filtration unit. Laboratory personnel use more sophisticated

protective clothing than other extraction laboratory personnel (I.e. full sack
suits, booties, face masks, etc).
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FACILITY SPACE ALLOCATION

TOTAL LABORATORY BUILDING SQUARE FEET 24,005

1. Sample Receiving 1,570 sq. ft.

2. Glassware Prep 750 sq. ft.

3. Organic Extractions and 2,008 sq. ft.
Inorganics Sample

Preparation

4. High Hazard Lab 450 sq. ft.

5. GC/M5 2,840 sq. ft.

6. Computer Room 1,450 sq. ft.

7. Standards Laboratory 312 sq. ft.

8. Metals (Inorganics) Instrumentation Lab 650 sq. ft.

9. GC Lab 1,200 sq. ft.

10. Solvent Storage 542 sq. ft.

11. Utility 960 sq. ft.

12. Walk-In Refrigeration System (2 units) 250 sq. ft.

13. Miscellaneous (Canteen, Corridors, 5,000 sq. ft.
Rest ROODS, etc.)

14. Office* 6,023 sq. ft.

TOTAL PAMLICO BUILDING SQUARE FEET 55,487

1. Office* 40,142 sq. ft.

TOTAL COMPUCHEM LABORATORIES. INC. FACILITIES
RESEARCH TRIANGLE PARK, NC* 79,492 sq. ft.

* Includes both Environmental and Forensic Drug Testing Operations.



"Section No. 6.3
Revision No. 5
Date: October 17, 1988
Page 1 of 3

GAS CHROMATOGRAPH LABORATORY EQUIPMENT

TypeItem
GC
GC
GC
GC

GC

GC
GC
GC
GC
GC
GC
GC
GC
GC

GC

GC

GC

GC

GC

Model if
VARIAN 3700
VARIAN 3700
VARIAN 3700
VARIAN 3700

HP 5880

VARIAN 3400
VARIAN 3400
VARIAN 3400
VARIAN 3400
VARIAN 3400
VARIAN 3400
VARIAN 3400
VARIAN 3400
VARIAN 3400

VARIAN 3400
TEKMAR LSC-2
TEKMAR ALS
O.I. 442

VARIAN 3400
O.I. 4460
HNU PI -52

VARIAN 3400
TEKMAR LSC-2
TEKMAR ALS
HNU PI-52

VARIAN 3400
TEKMAR LSC-2
TEKMAR ALS
O.I. 4420

VARIAN 3400
O.I. 4460
O.I.
O.I.
HNU PI -52

Serial*

58760308-13
71280469-13
32968966-11
74550509-13

2236A04163
2006
2310
2309
2312
3623
3052
2308
2307
2311

3053
144
1016

3054
171-6-9B
620045

2306
1821
1041
620100

2005
1556
902
6644-5-102

3055
52 1-605 1C

365-6-0020
05836

CChem*
000000

001177
001175
001178
001173

001174
001179

001357

001647

001356
001499
001362

001176
001241
001648

000953
001316
001649

001358
001507
001508
001509

A-D

2&3
7&1

23

21
5
0
4
6
9
10
12
14
24

19

20

18

17

16

OVEN BLUE M SW-11TA-1 SW365

COMPUTER HP 1000 •

001353

DUAL ECD AUTOSAMPLER
DUAL ECD AUTOSAMPLER
FID NPD
FID

FID

FPD
ECD NPD
ECD NPD
ECD FID
ECD FID
ECD
ECD
ECD
ECD

AUTOSAMPLER
AUTOSAMPLER
AUTOSAMPLER
AUTOSAMPLER
AUTOSAMPLER
AUTOSAMPLER
AUTOSAMPLER
AUTOSAMPLER

CHARCOAL AIR FILTERING SYSTEM

HALL DET
PURGE AND TRAP
AUTOSAMPLER

PID DET
PURGE AND TRAP

PID
PURGE AND TRAP
AUTOSAMPLER

HALL
PURGE AND TRAP
AUTOSAMPLER

PID
PURGE AND TRAP
LOOP SAMPLING MODULE

OVEN

ALS SYSTEM
DATA PROCESSING

Installed
1980
1980
1980
1982

1982

1986
1986
1986
1986
1986
1986
1986
1986
1986

1985

1985

1985

1985

1985
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GC/MS LABORATORY EQUIPMENT (ENVIRONMENTAL)

OUA f Serial* Type Of Application Installed
OUA
OWA
OWA
OUA
OUA
OUA
OUAOUA
OUA
OUA
OUA
OUA
OUA
OUA
OUA
OUA
OUA
OUA
OUA
OUA
OUA
OUA

1020
1020
1020
1020
1020
1020
1020
1020
1020
1020
1020
1020
1020
1020
1020
1020
1020
1020
1020
1020
1020
1020

12137-0980
12391-3-0281
12141-0980
12138-0980
12140-0980
11957-2-0180
11957-3-0180
11957-4-0180

11957-1279
12391-2-0280
12391 0281
12139-0980
12391-1-0380
12391-4-0381
12391-5-0381
12645-1-1181
12645-4-1181
12645-6-1281
12645-3-1181
12645-2-1181
S12645-5-1281

CAPILLARY COLUMN 9/81
CAPILLARY COLUMN 9/81
VOA-LSC/PURGE AND TRAP 9/81
CAPILLARY COLUMN 9/81
CAPILLARY COLUMN 9/81
CAPILLARY COLUMN 9/81
CAPILLARY COLUMN 9/81
CAPILLARY COLUMN 9/81
VOA-LSC/PURGE AND TRAP 9/81
VOA-LSC/PURGE AND TRAP 9/81
VOA-LSC/PURGE AND TRAP 9/81
VOA-LSC/PURGE AND TRAP 9/81
VOA-LSC/PURGE AND TRAP 9/81
VOA-LSC/PURGE AND TRAP 6/82
CAPILLARY COLUMN 9/81
CAPILLARY COLUMN 6/83
VOA-LSC/PURGE AND TRAP 6/83
VOA-LSC/PURGE AND TRAP 6/83
CAPILLARY COLUMN 6/83
CAPILLARY COLUMN 6/83
CAPILLARY COLUMN 6/83
VOA-LSC/PURGE AND TRAP 6/83

INCOS 50 13954-0387 HP-GC UITH CAPILLARY COLUMN 1987



Item
AUTO ANALYZER II

CIRCULATING BATH

ANALYTICAL BALANCE

ICP

MICROPROCESSOR
IONALYZER PH METER

UV VISIBLE
SPECTROPHOTOMETER

CYANIDE/PHENOLS
AUTOANALYZER

ATOMIC ABSORPTION
SPECTROPHOTOMETER

ATOMIC ABSORPTION
SPECTROPHOTOMETER

ATOMIC ABSORPTION
SPftTROPHOTOMETER

VAPOR GENERATION
ACCESSORY
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INORGANIC LABORATORY EQUIPMENT

Make
TECHNICON

PRECISION

METTLER

JARRELL ASH

ORION

VARIAN GARY

TECHNICON

INSTRUMENTATION
LABORATORY

INSTRUMENTATION
LABORATORY

INSTRUMENTATION
LABORATORY

AVA

Mode 11

TRAACS 800

MODEL HI 52

MODEL 1100

ORION 901

219

AAII

VIDEO 22(857)

VIDEO 22(857)

VIDEO 12(857)

440

Serial!

A76373
22483

93353

0438812

G60797940

2027

2127

2128

1625

Installed
1987

1987

1980
1986

1979

1981

1980

1987

1986

1986

1986
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6.4 Instrument Maintenance
Analytical Instruments are maintained by experts employed by CompuChem* on a

full-time basis. Preventatlve maintenance as well as major Instrument repairs
can be accomplished on-s1te. An extensive 1n-house stock of spare parts allows
for rapid repair. CompuChem* maintains service agreements with Instrument
manufacturers to further assure the operational viability of all 1n-house

equipment.

The operational condition of Instruments 1s one of the keys to successful
completion of analytical tasks. This requirement 1s further magnified by the

necessity to complete large programmatic requirements 1n a limited period of
time. CompuChem1s commitment to Instrument maintenance assures clients that
equipment will be available to generate the required data.

In discussing Instrument maintenance services at CompuChem*, a distinction

between GC/MS Instruments and other hardware 1s required. In the case of the
GC/MS Instrumentation, CompuChem* staff have full maintenance and repair
responsibility. These staff have been trained by the Instrument manufacturer
and are fully qualified to perform the required work. For other Instruments, we

have service contracts for periodic maintenance visits by the vendor, although
maintenance personnel do assess whether repairs can be made 1n-house before
outside vendors are called.

All GC/MS Instrument repair logs and Instrument service records are maintained
1n Individual Instrument files 1n the Instrument repair shop.
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EXAMPLE 1 (CONTINUED)

INSTRUCTIONS

INSTRUMENT NO. - LIST AS 05 FOR OWA05. 12 for OWA12. ETC. THE 4021 GC/MS/DS IS
INSTRUMENT 00. ALL STANDALONE DATA SYSTEMS ARE INSTRUMENT 99.

DATE ft TIM£ -

OPERATOR -

ENTER DATE AS MM/DO/YY} AUGUST 26, 1909 IS 08/28/89. ENTER TIME BY
24-HOUR CLOCK. 9:29AM IS 0929 AND 9:29PM IS 2129. THE TIME AND DATE
SHOULD 8C WHEN A PROBLEM IS DISCOVERED .AND. REPORTED VIA THIS FORM.
WHO YOU ARC.

PROBLEM COOE
A DESCRIPTION - USE THE 3 OICIT PROBLEM COOE THAT MOST APPROPRIATELY DESCRIBES YOUR

PROBLEM. PLEASE DETAIL THE PROBLEM AS FULLY AS YOU CAN.,
USE BLACK INK ONLY t If RITE OR PRINT LEGIBLY.

PROBLEM COOES
(CAUSE 4 EFFECT)

P.M.

CANNOT MEET TUNE

IOCS ERRORS •
LIST AND FULLY
DESCRIBE WHAT
THE DATA SYSTEM
MAS 00 INS

POOR SENSITIVITY

DRIFTING RET.
TIMES

NO SPECTRA OR
NO MS RESPONSE

SOFTWARE
ANOMALIES

GAS CHROM.

DISC DRIVE

PRINTER

PURGE t TRAP

VACUUM FAULT

AIR LEAKS

TERMINAL

DATA SYSTEM

CANNOT BOOT

UNKNOWN

000

001

002

003

004

009

006

007

008

009

010

on
012

013

014

019

016

REPAIR ACTION
COOES

PIRATE PARTS
ADJUSTMENT - ELEC

ADJUSTMENT - MECH.

REPLACED ASSY.

RETURNED TO VENDOR REPAIR

RETURNED TO VENDOR
WARRANTY

REQUESTED IN-HOUSE
VENDOR SERVICE

WAITING FOR PARTS
(NOTE P.O. #)

CLEANED SEPARATOR

CLEANED MASS FILTER

CLEANED SOURCE

REPLACE PART

REPAIR IN-HOUSE

UNABLE TO REPRODUCE

too
102

104

106

108

110

112

114

116

118

120

122
124

126

FAILURE ANALYSIS
COOES

UNKNOWN

MISCELLANEOUS

OPERATOR ERROR

SOFTWARE

HEAOCRASH

MECH. DEFECT

OUT OF ADJUSTMENT

INTERMITTANT

EXCESSIVE NOISE

EXCESSIVE WEAR

SHORTED COMPONENT

OPEN COMPONENT

FAULTY CRIMP

POOR CONTACT

POOR SOLDER JOINT

DIRTY/DUSTY

LEAKING

REPLACE • WITH

1 • ELECTRICAL
2 • MECHANICAL
3 • VACUUM
4 • SOFTWARE

200

202

204

206

208

210

29»

29*

29»

212
214

216

218

220
222
224

226



PREVENTIVE MAINTENANCE - 3 MONTH INTERVAL

REPAIR - PREVENTIVE MAINTENANCE CHECKS AND SERVICES GUIDE*

•

ITEMS TO BE INSPECTED

Sfgne 3 OC

1. Line fuses for
ttw oc

2. Injector for pecked
col IMM

3. Splltless Injection
for capillary colons

4. Injector septua In
the oc

5* Carrier git co«»
nectlons/eouBllngs

6. Carrier ges filter
tn the K7. rritw, fio«
control Iw

8. Cap? Dry celunn

9* Packed coftfftn
(glass typ*)

10. Packed coli*in
<Mrtal typ«)

11. Ottactor port to
OC/MS tntcrfac*

12. OC cool down fan

PROBABLE SYMPTOM

fnactr** OCt blew fuse

obstruction, leek*

leekege

replace vhen new ga*
cyl tnder Fs fnsttf led
dirty filter

ewcettfve uMge, leeks
at Inject ton end Inter*
face port of the nne-
heating block

SERVICE
INTERVAL

>•
|

X

X

».

2
I
•»>

X

X

«

»>

i
tr
s

X

X

X

X

X

X

X

X

X

X

SERVICE
INTERNAL

t

NOTE: AppUcsbl
ere prsented In
Operator ManuatC
otfcervtse specif

replace fuse

clean,
Inspect or
replace es
required

replete filter
clean
Inspect or
replace es
needed

Inspect end/
or replace

PROCEDURE

e procedures
the FtnnTgn
s>, unless
led.

*These *aTnt«nence procedires *eet or exceed Ffnnlgen1* recon»ended preventive natntenence
checks and services.



aHEVEKTIVE MAIWTENMCE OCCtt AID KRVICCS WIDE (Cent.)

ITEMS TO BE INSPECTED

nass specTrvnerw

1. tilsss Jet separator

2* Glass Jet separator
ferrules

3. Mass anatyier head
assembly (In the
vecuiA manifold)

•magnet wall flange essy
*CAL gas valve assy
•vent valve assy
•vater flow sensor switch

•• Ouadrupola mass analyzer

9. Electron multiplier

6. Mcatal vacuum pumps (2)

7. Ff elf far turbo pump

1. Belter turbo pump

». Vacua* system filter/drier

10* Ion Source

•Ion source filament assy
•eel lector
•lens
•aperture
•Jon volume

OC/MS Interface Oven

1* Capillary Interface tubing

2. Separator dlvart fitting

3. Vacuum divert valve

Power module

1. MS power supply

2* Turbo power supply

Card Cage Module

1* Air filter at bottom of cagi

2. fan .

3. Signal cable on
Digital I/D PCS

PHOBASLE SYMPTOM

••
«

obstruction or glees

breakage

gross leaks, pros latent
pressure due to degasing
of trapped gases In the
vacuum system
leakage, faulty CAL gaa
pressure (see Plrenl
gauge)
faulty switch

.

dirty oil

excessive use, dirty filter

lack of sensitivity.
faulty peak shape,
no eutotune

plugged

dirty filter, obstruction
of air flow
burned out fan

K

*5

SEW VICE
INTERVAL

>

!

A
r\

X

X

X

X

X

I
«

K

i
!I
8

X

X

X

T
A

T
'/

X

X

Service concurrently
with every filament
assembly replacement

X

X

X

X

X

X

X

X

X

X

X

X

X

fttRVICE
INTERNAL

clean or
replace

i
rep face

Inspect

Inspect
Inspect
Inspect

Inspect end/
or replace

purge weekly
and replace
oil

clean &
Inspect

replace
clean, Inspect
or replace as
required

clean. Inspect
and/or re-
piece

measure 4
verify PCS

elean and/or
replace

Inspect for
secure fit

PROCEDURE

Baiter Manual
pg««>23



•AIM - PREVENTIVE MAINTENANCE CHECKS AND SERVICES QUIDE (Oont.)

_ _

I
ITEMS TO BE INSPECTED

1
j

1 M»va Computer

1. Fan

1 •erkln-Claer Disk Drive

1. Output signal

1 2. Adjustable DC voltages
1 <+3V. *13V, -13V)

3. •rushes

i 4. Positioner carriage guide
rails

9* Splndje chuck end cone

~i 6. Read arlte toads

7. Fixed disk

""" I. Air filter
• pref liter
••alM filter

-,, 9. Bto«ar ground brush

10. Spindle ground brush

11. Bto«er drive belt
•

PROBJBLE sxvrroM

faulty fan rotation

SERVICE
INTERVAL

X

1

x

A r*

X

X

X

X

X

X
A

«

X

X

».

I

X

X

X

?r
8

SCH VICE
INTERNAL

i

Inspect end/or
replace

cheek and
verify

clean and/
or replace
clean and
Inspect
clean and
Inspect
Inspect
and repair

replace
replace

replace

replace

replace

PROCEDURE

P/EOEM Manual

•JtOEM Manual

P/ECEM Manual

P/EOE* Mcnual



COMFUCHEM LABORATORIES

PROJECTED PREVENTIVE MAINTENANCE SCHE1

FINNIGAN GAS CHROMATOGRAPH / MASS SPECTROMETER

JANUARY 1990 TO JUNE 1990

UNIT * NORMAL DUE JAN FEB MAR APR MAY JUN
ROUTINE FROM

PREVIOUS
**•

01

02

03

04

05

06

07

08

09

10

11

12

13

14

15

16

17

16

19

20

21

22

23

04-08-12

03-07-11

01-05-09

03-07-11

03-07-11

01-05-09

02-06-10

02-06-10

04-06-12

04-06-12

02-06-10

02-06-10

01-05-09

01-05-09

04-08-12

01-05-09

03-07-11

03-07-11

03-07-11

02-06-10

04-08-12

02-05-10

DUE

DUE

DUE DUE

DUE

DUE

DUE DUE

DUE DUE

DUE DUE

DUE

DUE

DUE DUE

DUE DUE

DUE DUE

DUE DUE

DUE

DUE DUE

DUE

DUE

DUE

DUE DUE

LUE

DUE DUE
13-9



Revision No. 0
Date: October 17, 1988
Page 1 of 3

6.5 Material Procurement and Control

CompuChem's Purchasing Department has two prime objectives: (1) maintain

sufficient supplies of all required Items as needed, and (2) encourage all forms
of competition 1n order to aggressively seek the best total value 1n a
combination of supply, price, required quality, and service.

Procedures for Purchasing Materials: Department and laboratory managers have

primary responsibility for maintaining adequate Inventory of supplies and

ensuring that all supplies/equipment meet or exceed quality requirements.

Managers work through the Purchasing Department to accomplish these objectives.

CompuChem® uses competitive Inquiries or requests for bids, along with

appropriate negotiation, to provide equal opportunities for potential and

current suppliers to earn CompuChem's business and to allow the laboratory to

seek the best total value. Long-term considerations Include reliability, price,

required quality and service. Vendors are encouraged to bring to CompuChem's

attention new or Improved materials, equipment and services. Suppliers must

maintain the confidentiality of competitively sensitive Information which is

obtained from the Purchasing Department or other CompuChem* personnel. Prices

and related information, whether accepted or not, will not be disclosed.

Each year, various vendors will supply the laboratory with solvent/chemical

samples during the bidding process. The laboratory evaluates each vendor's

sample, as described 1n the next section, before the bid 1s considered by the
Purchasing Department. If solvent/chemical quality 1s equivalent, then price

and service are considered. Prices are kept low because of the highly

competitive market and the high volume used by the laboratory.
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Material Quality Inspection: Managers Interact with the Quality Assurance

Department when purchasing supplies/equipment that could potentially affect data
quality, and therefore testing prior to use 1n the laboratory. The Director of

QA (or designated QA staff member) determines the appropriate test procedures

and evaluates the resulting test data. A similar validation process 1s used 1n
testing new Instrumentation, as described 1n Appendix A. All new lots of

standards, reagents, and glassware are tested as described 1n section 9.2 of the
QA Plan and 1n the QA SOP Manual. The quality testing of solvents and other

high-volume chemicals 1s described further 1n the following section.

Additionally, the laboratory continually evaluates the Integrity of these

materials by performing the routine QC method blanks with every sample batch as

described In sections 9.2 and 9.3 of the QA Plan.

When variability 1s exhibited 1n the quality of vendor-supplied materials or

services, the laboratory/department manager 1s responsible for working with the

Purchasing Department to find a suitable alternative.

.Chemical and Standard Inventory Procedures: All chemicals other than organic

standards are inventoried by appropriate laboratory manager and re-ordered as

needed, with adequate time allowed for order processing, shipment and quality

testing. The vendor supplying extraction solvents first provides a test sample

from a particular solvent lot. After testing by the laboratory, 1f the lot is

approved, several cases of the lot are purchased, with the remaining cases of
the same lot stored by the vendor. The vendor 1s responsible for keeping

Inventory of the solvent lot, and when only a few cases remain, provides the

laboratory with a test sample from a new lot. The process is repeated so that
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a second approval lot 1s Immediately available once the first 1s consumed. The
lab manager maintains files of all test data to verify solvent purity. All

extractions are traceable to the approved solvent lot used 1n sample
preparation.

Organic standards are prepared Internally 1n the Standards Laboratory, and the

Standards Laboratory Chemist 1s responsible for maintaining adequate Inventories
and Initiating standard purity testing and tests of each standard preparation

lot, as described 1n section 9.2 of the QA Plan and 1n the QA SOPs.

Solvent Storage and Waste Disposal; All solvents 1n use 1n the laboratory are

kept 1n solvent storage cabinets, which are vented and specifically designed for
this use. Acids are kept 1n a separate, specially designed storage cabinet.
Solvents and other chemicals not 1n use are stored 1n the Solvent Storage Room,

described in section 6.2. Periodically, a waste disposal firm removes the

laboratory's waste, stored in 55-gallon drums, to a licensed hazardous waste

landfill.
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6.6 Glassware Preparation/Decontamination

Laboratory Glassware: Glassware used in the Organic Sample Preparation

Laboratory is washed initially by hand in a hot, nonphosphate, laboratory-grade

detergent solution, then loaded onto racks and into a stainless steel industrial

dishwasher. When the normal wash cycle is completed, the rinse cycle is started

and the glassware is rinsed continuously (approximately 5 minutes) with ordinary

tap water. This is followed by a second rinse cycle (approximately 5 minutes)

using laboratory-pure (distilled, deionized) water. The rack is then removed

from the dishwasher, loaded onto aluminum trays and annealed at 500°C for six

hours. Glassware used for Inorganic Sample Preparation and volumetric

glassware, such as pipets and flasks, are not annealed but instead air-dried

while inverted. After annealing or air-drying, the decontaminated glassware is

loaded onto large carts which are labeled and segregated from unprepared

glassware. Inorganics glassware is loaded onto a clean Inorganics Station

(cart) and distributed directly to the lab.

Samp1eSaver« Glassware; SampleSaver" glassware is prepared separate from all

other laboratory glassware, and the procedures differ slightly, depending on the

type of container. One-liter glass bottles, depending on their condition, may

be recycled. In such cases, they are washed, rinsed and dried as described

above, but separate from all other glassware. After this step, they may be

mixed with unused glassware and the procedure repeated as described above for

laboratory glassware. The glassware is baked at 230-260°C for one hour, then

loaded onto clean carts for cooling. Once cool, they are capped, loaded into

boxes (those used for shipping the unused containers from the vendor to the lab)

and stored for later use.
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For 500 ml plastic containers used for metals and Mercury sample collection, the

containers are soaked for one hour in a 50X nitric acid solution following the

soap solution wash. After draining, the containers are rinsed three times with

tap water, then three times with laboratory-pure water. The bottles are

inverted and air-dried, capped, then stored in the Inorganics SampleSaver* cabi-

net in the Glassware Preparation area.

Glass bottles used for volatiles, Cyanides and Phenols sample collection (40 ml)

are prepared in the same manner as the liter containers described above, but are

baked at 26Q°C for one hour. The bottles are removed from the oven as soon as

they are cool enough to touch, then capped immediately with septum-sealed,

Teflon-lined caps and stored in a contaminant-free cabinet.

Plastic caps, Teflon discs (cap liners) and Teflon-lined septa are washed and

rinsed in the same manner as the glassware above, but are baked for one hour at

105°C. Following a brief cooling period (cool enough to touch), the discs and

septa are placed into their caps and used to seal the cleaned liter and 40 ml

bottles.
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GOMPUCHEM
lABOf&TORES, INC.

SOP MODIFICATIONS AND SPECIAL CONSIDERATIONS
ERM/ECC PROJECT

CompuChem Laboratories, Inc.
March 18, 1992

Modifications to OLMOl.O SOW (3/90 Organic CLP, with Revisions);
Based upon recent laboratory MDL studies, the cleanup objectives for
bis(2-ethylhexyl)phthalate can be met by additional concentration of
the SV extract to a final volume of 0.5 ml. To maintain the SOW-
specified on-column surrogate standard concentration, one-half the
normal surrogate volume will be added to the sample immediately prior
to extraction. The associated method blank will be extracted in the
same manner to monitor background contamination (which is expected to
be elevated due to the additional concentration factor). Phthalates
are known to be common field and laboratory contaminants, and
represent potential method interferences of concern with this
approach. The SOW stipulates that the maximum allowable concentration
of bis(2-ethylhexyl)phthalate in a method blank (with a final
concentration of 1.0 ml) is 5 times the CRQL, or 25 ug/L. Because of
the special interest in the phthalate, and based upon historical and
anticipated background levels, these criteria will be lowered to 5
ug/L. If these criteria are not met, however, associated samples will
only be reextracted and reanalyzed if this can be accomplished within
the regulatory holding time requirement.

The cleanup objective for isophorone can be met without modification
to the 3/90 SOW analytical methods. Since this compound is analyzed
in the same fraction with the phthalate, however, the MDL will also be
lower by a factor of two. The Form I's for both isophorone and bis(2-
ethylhexyl)phthalate, when not detected, will be modified such that
1/2 the MDL is reported (with the standard "U" flag) in place of the
CRQLs. The "J" flag will not be applied to these two compounds since
the MDL is being referenced rather than a contract-mandated
quantitation limit. By definition, results below the MDL (or in this
case, 1/2 the MDL) are indistinguishable from background noise.

The detection limit to be reported (without correction for dilutions,
etc.) for bis (2-ethylhexyl) phthalate is 1.3 ug/L (the MDL is 2.52
ug/L). The detection limit for isophorone will be reported at 1.3
ug/L (the MDL is 2.54 ug/L). All other compounds will be reported
with 1/2 the normal SOW-specified CRQLs.

This procedure will be documented by reference, and as an attachment,
to the case narrative.

Page - 1
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Modifications to ILMOI.O SOW (3/90 Inorganic CLP, with Revisions);
Based upon recent laboratory MDL studies, the cleanup objective for
cyanide can be met without modification to the SOW analytical methods.
The Form I, when cyanide is not detected above the MDL, shall be
modified so that the MDL of 0.8 ug/L is reported with the "U" flag
(there is no IDL for cyanide) The CRDL is not considered when
reporting or qualifying these data. Forms III, V, VI and X will also
be changed to reflect the cyanide MDL.

Due to limitations in the software (which has been "hardwired" to
prevent entry errors and contract non-compliances), the modification
to the detection limit and corresponding data flags may require hand-
corrections, which will be dated and initialed. If this is the case,
electronic data (diskettes) will not contain the manual entries which
are modifications to the SOW diskette format requirements. If
programs can be conveniently altered and validated, the hardcopy data
may not require hand-correction and the diskette data will reflect the
correct MDL for cyanide.

This procedure will be documented by reference, and as an attachment,
to the case narrative.

Modifications to OLC01.0 SOW (6/91 Low Concentration Organic CLP, with
Revisions);
Aqueous volatile samples are to be analyzed following the 6/91 SOW for
Low Concentration Organics. The SOP is amended for this project with
the following modifications:

A second aliquot of the sample is to be analyzed (from a previously
un-opened vial) by Method 8010 in order to achieve the cleanup
objective of 0.38 ug/L for 1,1-dichloroethane. The 6/91 reporting
forms are to be used, and the 8010 MDL for 1,1-DCA (0.35 ug/L) is to
be reported with the "U" flag for non-detects. The 8010 result for
1,1-DCA is to be manually reported on the 6/91 Form I if the
concentration is between the GC MDL of 0.35 ug/L and the 6/91 CRQL of
1.0 ug/L. A concentration above 0.35 ug/L will be reported without
the "J" flag even if this value is still below 1.0 uq/L. Results for
1,1-DCA greater than or equal to 1.0 ug/L will be reported from the
GC/MS 6/91 analysis. In such cases, mass spectral data will be
provided to confirm identification of this compound

Both GC/MS and GC 8010 results will be reported in all cases.

Note that due to lack of homogeneity in some sample matrices, poor
method precision near the detection limit, and variations in sample
collection, GC and GC/MS results may vary. The laboratory will not
repeat sample analyses solely due to minor variations between the GC
and GC/MS results.

Page - 2
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The cleanup objective can be met for 1,1,2-trichloroethane and
tetrachloroethene without modification to the 6/91 analytical methods.
The reporting requirements will be modified such that the MDLs will be
reported for these two compounds rather than the CRQLs. The MDL for
1,1,2-trichloroethane is 0.4 ug/L, and the MDL for tetrachloroethane
is 0.6 ug/L.

Since results will not be reported below the MDL for any of these
three compounds, the "J" flag will not be applied. The "J" flag will
be applied to all other 6/91 compounds if the concentration is between
one-half the CRQL and the CRQL, so long as mass spectra meet
qualitative identification criteria.

A MS/MSD will be performed for the 6/91 aqueous volatile samples in
addition to the SOW-specified LCS. The MS/MSD will be spiked with the
3/90-specified target compounds (toluene, chlorobenzene, benzene, 1,1-
dichloroethene, and trichloroethene) at a concentration of 10 ug/L on
column (10 ul of a 50 ug/L standard) . The 3/90 advisory spike
recovery and RPD criteria will apply, but will not be used as the sole
basis to determine whether or not reanalysis is required (as indicated
in the SOW) . The MS/MSD will not be repeated if the LCS meets all
6/91-specified QC acceptance criteria (unless the MS/MSD has been
prepared or analyzed incorrectly). The LCS is used as evidence of
sample matrix effects in the MS/MSD and associated samples. The
MS/MSD will be manually reported on a 3/90 Form III; only non-spiked
compounds will be reported on the associated Form I's for the MS/MSD
(consistent with the SOW).

The method-specified MS/MSD will also be analyzed and reported for
each 8010 batch, along with all other required deliverables. No SOP
modifications are required for the 8010 analysis.

This procedure will be documented by reference, and as an attachment,
to the case narrative.

Minimization of Dilutions;
The laboratory Standard Operating Procedures and guidance established
by the SOWs are to be followed, without exception, with regard to
sample screening and dilution:

If the sample is screened and it is determined that concentrations are
such that instrument damage or detector saturation may result, the
sample is diluted. In some cases, due to sample viscosity or matrix,
it will not be possible to extract, purge and/or inject the sample
without dilution. If this is not a problem, and the screen indicates
that a low level dilution or neat (undiluted analysis) is in order,
then the sample is to be analyzed accordingly.

Page - 3
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If after this analysis, there are high concentration analytes outside
the instrument's analytical range (highest multipoint standard
concentration), the sample is to be further diluted until the high
level analytes are in the upper half of the analytical range. If the
lower level analytes present in the initial run are not diluted out,
then only this final dilution is to be reported. If, however, some
TCL analytes are lost in this final dilution, then the low level
dilution/neat analysis is also to be reported and is billable.

Again, if the sample cannot be analyzed without dilution due to sample
matrix/composition considerations, then a low level dilution/neat
analysis will not be available. The laboratory shall make every
attempt to analyze the project samples, following our usual SOP, with
minimal dilutions.

Page - 4
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STANDARD OPERATING PROCEDURE
FOR VOLATILE ORGANICS IN SOIL ANALYSIS



INTRODUCTION TO THE STANDARD OPERATING PROCEDURE
FOR THE ANALYSIS OF VOLATILE ORGANICS IN SOIL

CompuChem Laboratories' sample preparation and instrument procedure SOPs for the analysis
of volatile organics in soil are included in this Appendix. The following is some additional
project-specific information regarding these SOPs.

1. Instrument procedure number 282 will be used for this project.

2. The list of deliverables is provided on the last page in this Appendix, at the end of the
instrument procedure SOP.

3. The QA/QC requirements for this analysis are presented in Table 5-2 and its attachments,
included at the end of the instrument procedure SOP.
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SAMPLE PREP PROCEDURE 3.1.1.6; -177 3rd Edition Solid Low Level Volatlles in
Soils, Sediments, and Sludges

SUMMARY OF METHOD

A five (5) gram portion of a soil, sediment, or sludge sample 1s weighed
into a graduated impinger. The impinger is sealed with a glass
stopper and placed in the 6C/MS refrigerator (4°C) for analysis.

PROCEDURE

1. Glassware must be scrupulously clean. The glassware components used in
this procedure are: graduated midget impinger bottles and 24/40 stoppers.
The impingers and stoppers are washed with hot soapy water, rinsed with hot
water and finally rinsed with laboratory pure water. The impingers and
stoppers are dried at 110°C for one (1) hour or overnight in the Grunberg
oven. If the impingers and stoppers have been stored in a laboratory
environment, place in oven for one (1) hour (IIO'C) and allow to cool in a
contaminant-free environment before using. Then rinse the glassware
thoroughly with laboratory pure water before use.

2. When the samples are ready to be prepared, assemble the following items in
the designated hood: a clean spatula and a top-loading Ainsworth balance.

3. For each sample; label (with permanent ink on tape) an impinger vessel with
the CompuChem* number of the sample, the date and the procedure number.

4. Remove the ground glass stopper from the impinger and place on a Kimwipe.

5. Place the impinger on the Ainsworth balance and tare.

6. Remove the top from the bottle containing the soil/sediment/sludge sample.
Mix the sample thoroughly.

7. Transfer 5 grams ± 0.05 gram of the sample to the impinger using a spatula.
Record the sample weight on the appropriate worksheet to one significant
figure to the right of the decimal, I.e. 5.0 grams. Do not transfer twigs,
stones, etc. when weighing the sample.

8. After the sample has been weighed, replace the ground glass stopper. An
adequate seal is made by slightly twisting the stopper into the impinger.
CAUTION: Care should be taken to exclude any soil/sediment/sludge par-
ticles from the ground glass portion of the impinger since particles freeze
the stopper when twisted onto the Impinger.
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9. Store the prepared sample in a wire rack until the complete set is
weighed.

10. A clean spatula should be used for each weighing.

11. Repeat steps #3-10 until the required number of samples are prepared,
completing each worksheet as the preparation is accomplished. When the set
is complete, store the samples in the GC/MS laboratory refrigerator.
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Instrument Procedure SOP 4.1.23; Method 8240 3rd Edition Solid and
All Subsets

1.0 Scope and Application

This Standard Operating Procedure (SOP) is used for each of the
8240 EPA 3rd Edition Solid instrument procedures and all of their
subsets. The following list relates instrument procedure codes
to analysis type:

Instrument Procedure Analysis

282 8240 3rd Edition Solid and Library
Search

413 EPA CLP-Low Level Solid
288 3rd Edition Full List Low Level

Solid
265 Comm. HSL VGA; Low Level Solid Case

ID'd
291 CLP + 1,2,3 Trichloropropane Low

Level Solid
285 CLP + CL3F-Methane Low Level Solid

2.0 Summary

This method is for the analysis of 8240 3rd Edition solid
samples, with and without library search, COMM HSL VOA; Case
ID'd; CLP + 1,2,3 Tr ichloropropane, CLP + CL3F-Me thane Low Level
Solid and EPA CLP Low Level Solid samples. The working linear
range of measurement is up to 200 ppb except for acrolein,
crotonaldehyde, and acrylonitrile (2000 ppb). All standards,
blanks, samples, and other required runs must be injected within
twelve hours following the injection time of BFB. All injections
must be recorded on the instrument log along with date, time (use
a twenty-four hour timetable), volume injected, operator ID, and
any comments relevant to the injection. Upon completion of a
tune, unused run times must be crossed out by the chemist and the
log name subsequently signed by the chemist. The blue copy
remains with the tune package while the yellow (bottom) copy is
filed in the log book for that instrument.

3.0 Apparatus and Materials
3.1 Purge-and-trap device—The purge-and-trap device consists of

three separate pieces of equipment: the sample purger, the
trap, and the desorber. Several complete devices are
commercially available.
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3.1.1 The recommended impinging chamber is designed so
that 5 ml of lab pure water can be added to solid
samples. The gaseous headspace between the water
column and the trap must have a total volume of
less than 15 ml. The purge gas must pass through
the water column as finely divided bubbles with a
diameter of less than 3 mm at the origin. The
purge gas must be introduced no more than 5 mm
from the base of the water column. The needle
sparger is used because it provides equivalent
performance to the purge device described in SOP
4.1.22 for the 8240 3rd Ed. liquids.

3.1.2 The trap must be at least 25 cm long and have an
inside diameter of at least 0.105 in. Starting
from the inlet, the trap must contain the
following amounts of adsorbents:

1/3 of 2,6-diphenylene oxide polymer,
1/3 of silica gel,
1/3 of coconut charcoal.

It is recommended that 1.0 cm of methyl silicone-
coated packing be inserted at the inlet to extend
the life of the trap. If it is not necessary to
analyze for dichlorodifluoromethane or other
fluorocarbons of similar volatility, the charcoal
can be eliminated and the polymer increased to
fill 2/3 of the trap.

If only compounds boiling above 35°C are to be
analyzed, both the silica gel and charcoal can be
eliminated and the polymer increased to fill the
entire trap. Before initial use, the trap should
be conditioned overnight at 180°C by backflushing
with an inert gas flow of at least 20 ml/min.
Vent the trap effluent to the room, not to the
analytical column. Prior to daily use, the trap
should be conditioned for 10 minutes at 180*C with
backflushing. The trap may be vented to the
analytical column during daily conditioning;
however, the column must be run through the
temperature program prior to analysis of samples.

Traps normally last 2-3 months when used daily.
Some signs of a deteriorating trap are
uncharacteristic recoveries of surrogates,
especially toluene-dg; a loss of the response-of
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the internal standard during a 12-hour shift;
and/or a rise in the baseline in the early portion
of the scan.

3.1.3 The desorber should be capable of rapidly heating
the trap to 180°C for desorption. The trap bake-
out temperature should not exceed 220°C.

3.1.4 Trap Packing Materials

3.1.4.1 2,6-diphenylene oxide polymer—60/80
mesh, chromatographic grade (Tenax GC or
equivalent).

3.1.4.2 Methyl silicone packing—OV-1 (3%) on
Chromosorb-W, 60/80 mesh or equivalent.

3.1.4.3 Silica gel—35/60 mesh, Davison, grade
15 or equivalent.

3.1.4.4 Coconut charcoal—Prepare from Barnebey
Cheney, CA-580-26 lot #M-2649 by
crushing through a 26 mesh screen (or
equivalent).

3.2 Heat block—Should be capable of maintaining the purging
chamber to within 1°C over the temperature range of ambient
to 100°C.

3.3 Gas Chromatography/Mass Spectrometer/Data system

3.3.1 Gas chromatograph—An analytical system complete
with a temperature-programmable gas chromatograph
suitable for splitless injection and all required
accessories, including syringes, analytical
columns, and gases. The GC should be equipped
with variable constant differential flow
controllers so that the column flow rate will
remain constant throughout desorption and
temperature program operation. For some column
configuration, the column oven must be cooled to
< 30°C; therefore, a subambient oven controller
may be required. The capillary column should be
directly coupled to the source.

3.3.2 Gas chromatographic column—75 m x 0.53 mm ID
capillary column coated with DB-624 (J&W
Scientific), 3-pm film thickness, or equivalent.
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3.3.3 Mass spectrometer—Capable of scanning from 35 to
300 amu every 2 seconds or less, using 70 volts
(nominal) electron energy in the electron impact
ionization mode. The mass spectrometer must be
capable of producing a mass spectrum for
Bromofluorobenzene (BFB) that meets all of the
criteria of BFB when 50 ng of the GC/MS tuning
standard (BFB) is injected through the GC. To
ensure sufficient precision of mass spectral data,
the desirable MS scan rate allows acquisition of
at least five spectra while a sample component
elutes from the GC.

3.3.4 GC/MS interface—The GC is interfaced to the MS
with an all-glass enrichment device and an all-
glass transfer line.

3.3.5 Data system—A computer system that allows the
continuous acquisition and storage on machine-
readable media of all mass spectra obtained
throughout the duration of the chromatographic
program must be interfaced to the mass
spectrometer. The computer must have software
that allows searching any GC/MS data file for ions
of a specified mass and plotting such ion
abundances versus time or scan number. This type
of plot is defined as an Extracted Ion Current
Profile (EICP). Software must also be available
that allows integrating the abundances in any EICP
between specified time or scan-number limits. The
most recent version of the EPA/NIST Mass Spectral
Library should also be available.

3.4 Microsyringes—10-, 25-, 100-, 500-, and 1,000-/*L.

3.5 Syringe valve—Two-way, with Luer ends (three each), if
applicable to the purging device.

3.6 Syringes—4-, 10-, or 25-ml, gastight with shutoff valve.

3.7 Balance—Analytical, 0.0001-g, and top-loading, 0.1-g.

3.8 Glass scintillation vials—20-ml, with Teflon lined screw-
caps or glass culture tubes with Teflon lined screw-caps.

3.9 Vials—2-ml, for GC autosampler.

3.10 Disposable pipets—Pasteur.
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3.11 Volumetric flasks, Class A—10-ml and 100-ml, with ground-
glass stoppers.

3.12 Spatula—Stainless steel.

4.0 Interferences

4.1 Volatile materials in the laboratory and impurities in the
inert purging gas and in the sorbent trap are major
contaminant sources. Avoid using non-
polytetrafluoroethylene (PTFE) thread sealants, plastic
tubing, or flow controllers with rubber components because
such materials out-gas organic compounds which will be
concentrated in the trap during the purge operation.
Analyses of calibration and reagent blanks provide
information about the presence of contaminants. When
potential interfering peaks are noted in blanks, the analyst
should change the purge gas source and regenerate the
molecular sieve purge gas filter. Subtracting blank values
from sample results is not permitted. If reporting values
not corrected for blanks results in what the laboratory
feels is a false positive for a sample, this should be fully
explained in text accompanying the uncorrected data.

4.2 Interfering contamination may occur when a sample containing
low concentrations of volatile organic compounds is analyzed
immediately after a sample containing high concentrations of
volatile organic compounds. To prevent this you should
rinse the purging apparatus and sample syringes with two
portions of organic-free reagent water between samples.
After analysis of a sample containing high concentrations of
volatile organic compounds, one or more calibration blanks
should be analyzed to check for cross contamination. For
samples containing large amounts of water soluble materials,
suspended solids, high boiling compounds, or high
concentrations of compounds being determined, it may be
necessary to wash the purging device with a soap solution,
rinse it with organic-free reagent water, and then dry the
purging device in an oven at 105°C. In extreme situations,
the whole purge and trap device may require dismantling and
cleaning. Screening samples prior to purge and trap GC/NS
analysis is highly recommended to prevent contamination of
the system. This is especially true for soil and waste
samples. Screening may be accomplished with an automated
headspace technique or by Method 3820 (Hexadecane Extraction
and Screening of Purgeable Organics).
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4.3 Special precautions must be taken to analyze for methylene
chloride. The analytical and sample storage area should be
isolated from all atmospheric sources of methylene chloride.
Otherwise, random background levels will result. Since
methylene chloride will permeate through PTFE tubing, all
gas chromatography carrier gas lines and purge gas plumbing
should be constructed from stainless steel or copper tubing.

Laboratory clothing worn by the analyst should be clean
because clothing previously exposed to methylene chloride
fumes during liquid/liquid extraction procedures can
contribute to sample contamination.

4.4 Samples can be contaminated by diffusion of volatile
organics (particularly methylene chloride and fluorocarbons)
through the septum seal into the sample during shipment and
storage. A trip blank prepared from organic-free reagent
water and carried through the sampling and handling protocol
can serve as a check on such contamination.

5.0 Safety

5.1 The toxicity on carcinogenicity of chemicals used in this
method has not been precisely defined; each chemical should
be treated as a potential health hazard, and exposure to
these chemicals should be minimized. Preparation of
calibration standards and samples are perfomed in a fume
hood to minimize any risk.

5.2 The following method analytes have been tentatively
classified as known or suspected human or mammalian
carcinogens: benzene, carbon tetrachloride, 1,2-
dichlorethane, 1,1,2,2-tetrachloroethane, 1,1,2-
trichloroethane, chloroform, 1,2-dibromoethane,
tetrachloroethane, trichloroethene, and vinyl chloride.
Pure standard materials and stock standard solutions of
these compounds should be handled in a hood.

6.0 Order of Analysis

6.1 BFB

All criteria must be met according to requirements
established by the EPA. GC/MS tuning and Mass Calibration
forms must be printed out and attached to the instrument
runlog. Relative abundances are calculated to two decimal
places.
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BFB KEY IONS AND ABUNDANCE CRITERIA

Mass Ion Abundance Criteria

50 15.0-40.0 percent of the base peak
75 30.0-60.0 percent of the base peak
95 base peak, 100 percent relative abundance
96 5.0-9.0 percent of the base peak
173 less than 2.0 percent of mass 174
174 greater than 50.0 percent of the base peak
175 5.0 - 9.0 percent of mass 174
176 greater than 95.0 percent but less than 101.0

percent of mass 174
177 5.0 - 9.0 percent of mass 176

6.2 Initial Calibration

An instrument without a valid initial calibration for this
analysis or valid calibration check standard not meeting all
required criteria requires an initial calibration. The
initial calibration must meet all criteria as established by
the EPA. After obtaining a valid initial calibration, a
valid calibration check standard must be obtained before
starting any sample analysis.

6.3 Calibration Check Standard

If the instrument has a valid initial calibration and the
calibration check standard meets all requirements (SPCC and
CCC compounds as established by the EPA), then it may be
used for sample analysis. It is performed within each BFB
12-hour tune period and analyzed immediately after the BFB.

6.4 Instrument Blank

A valid instrument blank must be obtained before analysis of
any sample. For a definition of a valid instrument blank
see Section 8.0 on instrument blanks.

A valid blank must be obtained before sample analysis can
take place.
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6.5. Samples

All samples must be injected within 12 hours of BFBs'
injection time. Samples should be analyzed according to
batch and due date. Other required injections such as
quarterly proficiency tests, sample spikes, blank spikes,
etc. must also be analyzed during this time.

6.6 Initial Calibration

6.6.1 Frequency

An initial calibration must be performed if the
instrument does not have a valid initial
calibration for this method or if the calibration
check standard fails to meet all require criteria
(established by EPA).

6.6.2 Nominal Concentration Values

The nominal concentration values and standard IDs
for the initial calibration are as follows:

Standard ID Concentration fua/1)

1910
1909
1908
1907
1906

200
150
100
50
20

6.7 Standards Preparation

Standards are prepared for any given level by using the
volumes listed below. All standards are prepared by spiking
the appropriate volume of each standard solution into a
glass soil impinger containing 10 ml of sparged,
distilled/deionized water. All primary analytical standards
should be stored in the volatile standards refrigerator when
not in use (all volumes are given in /il) .
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1908 1909 1910

036
394

1301
1303
1307
1322
1354

CIS 1, 2 dichloroethene

5.
2.
1.
1.
1.
1.
1.
1.

0
0
0
0
0
0
0
0

5.
5.
2.
2.
2.
2.
2.
2.

0
0
5
5
5
5
5
5

5.
10.
5.
5.
5.
5.
5.
5.

0
0
0
0
0
0
0
0

5
15
7
7
7
7
7
7

.0

.0

.5

.5

.5

.5

.5

.5

5.
20.
10.
10.
10.
10.
10.
10.

0
0
0
0
0
0
0
0

GC/MS Standards

I.D. #7008
Tuning Compound

bromofluorobenzene

I.D. /1001
Matrix Spiking Solution
All compounds at 25 M9/1

1,1-dichloroethene
benzene
trichloroethene
toluene
chlorobenzene

I.D. #1301
All Compounds at 100 ug/ml

methylene chloride
1.1-dichloroethene
chloroform
1.2-dichloropropane
1,1,2-trichloroethane
2-chloroethyl vinyl ether
chlorobenzene
1,2-dichloroethane
bromodichloromethene
benzene
bromoform
toluene

trichlorofluoromethane
1,1-dichloroethane
carbon tetrachloride
trichloroethene
dibromochloromethane
tetrachloroethene
trans-1,2-dichloroethene
1,1,1-trichloroethane
trans-l,3-dichloropropene
cis-1,3-dichloropropene
1,1,2,2-tetrachloroethane
ethylbenzene
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I.D. /1322A

Compounds § 100 ug/ml Compounds @ 50 ug/ml

acetone m-xylene
methyl ethyl ketone p-xylene
4-methy1-2-pentanone
2-hexanone
carbon disulfide
styrene
o-xylene

I.D. #1322
All 1322A compounds @ 100 ug/ml

I.D. #1354

l,2-dibromo-3-chloropropene Cone-200 ug/ml
crotonaldehyde Cone-1000 ug/ml

All other compounds § 100 ug/ml

cis-l,4-dichloro-2-butene l,2-dibromoethane
trans-1,4-dichloro-2-butene dibromomethane
ethyImethacrylate l,2,3-trichloropropane
1,1,1,2-tetrachloroethane iodomethane
1.1.1-trichlorotrifluoroethene 3-chloropropene
1.1.2-trichlorotrifluoroethene

I.D. #1303
All compounds 6 1000 ug/ml

acrolein acrylonitrile

I.D. #1307
All compounds @ 100 ug/ml

chloromethane bromomethane
vinyl chloride chloroethane
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I.D. #036
Internal Standards

Cone-50 ug/ml

bromochloromethane
p-difluorobenzene
d5-chlorobenzene

I.D. #394
Surrogates

Cone-50 ug/ml

d4-l,2-dichloroethane
d8-toluene
p-bromofluorobenzene

The .surrogate recovery ranges are:

Solid
PC Limit

d4-l,2-dichloroethane 70-121%
bromofluorobenzene 74-121%
d8-toluene 81-117%

6.8 Standard Analysis

Immediately after preparation of standards, they are
injected via a Teflon stopcock on the Tekmar into a purge
vessel and purged for 11 minutes. Samples are acquired
using the AC program following the sequence:

AC filename # number of scans to acquire (RETURN)

Enter the appropriate information for sample description,
including instrument ID and operator ID (as prompted by the
program). When information has been entered and the
instrument reads "ready," the Tekmar is switched to the
desorb position which introduces the sample onto the head of
the column. Data acquisition will continue unsupervised
through acquisition of the designated number of scans.
Enough scans should be acquired to ensure complete elution
of the final compound.
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6.9 Primary and Secondary Ions and Detection Limits

Analyte Characteristics Detection
Primary Secondary Limit
Ion Ion(s) (jig/kg)

benzene
bromodichloromethane
bromoform
bromomethane
carbon tetrachloride
chlorobenzene
chloroethane
chloroform
chloromethane
1, 2-dibromo-3-chloropropane
dibromochloromethane
1 , 2-dibromoethane
dibromomethane
1 , 1-dichloroethane
1 , 2-dichloroethane
1 , 1-dichloroethene
cis-1 , 2-dichloroethene
trans-1, 2-dichloroethene
1 , 2-dichloropropane
ethylbenzene
methylene chloride
styrene
1,1,1, 2-tetrachloroethane
cr ot ona Idehyde
ethylmethacrylate
cis-1 , 4-dichloro-
2-butene

trans-1 , 4-dichloro-
2-butene

iodomethane
3 -chloropropene
1,1,1-trichloro-

2,2, 2-trif luoroethene
1,1, 2-trichloro-

1,2, 2-trif luoroethene
1,1,2, 2-tetrachloroethane
tetrachloroethene
toluene
1,1, 1-trichloroethane
1,1, 2-trichloroethane
trichloroethene

78
83
173
94
117
112
64
83
50
75
129
107
93
63
62
96
96
96
63
91
84
104
131
70
69

88

53
142
76

117

85
83
166
92
97
83
95

85,
175,
96
119
77,
66
85
52
155,
127
109,
95,
65,
98
61,
61,
61,
112
106
86,
78
133,
41,
41,

53,

75,
127,
41,

151,

101,
131,
168,
91
99,
97,
130,

127
254

114

157

188
174
83

63
98
98

49

119
39
69

88, 75

53, 89
141
39, 76

119,153

151,103
85
129

61
85
132

5
10
5
5
5
10
5
10
10
5
5
10
5
5
5
5
5
5
5
10
5
5

100
10

15

15
10
15

10

10
10
5
5
5
5
5
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Analyte Characteristics Detection
Primary Secondary Limit
Ion Ion(s) (Mg/kg)

trichlorofluoromethane 101 103 5
1,2,3-trichloropropane 75 77 15
vinyl chloride 62 64 10
o-xylene 106 91 5
m-xylene 106 91 5
p-xylene 106 91 5
acrolein 56 56, 55 90
acrylonitrile 53 51, 52 120
carbon disulfide 76 44 5
2-hexanone 43 58, 41 15
4-methyl-2-pentanone 43 58 15
2-chloroethyl vinyl ether 63 43, 44 10
cis-l,3-dichloropropene 75 39, 77 5
trans-1,3-dichloropropene 75 39, 77 5
acetone 43 58 10

Internal Standards/Surrogates

4-bromofluorobenzene 95 174, 176
toluene-dg 98
1,4-difluorobenzene 114
chlorobenzene-ds 117
bromochloromethane 128 49, 130
£4-1,2-dichloroethane 65

6.10 Quantitation

Standards are quant it at ed using the RK program with option
2. This procedure allows individual compounds to be
quantitated using an average fit to the response list of the
most recently updated continuing calibration check standard.
The RK procedure is initiated by typing the command in the
sequence:

RK filename #2, linker (RETURN)

The linker for standards quantitation is WELL. All 59
compounds must be found for each standard in the five-point
calibration. Compounds not found by the RK program can be
found by the UPQUAN program in the sequence:

DFIND filename, linker -or-
UPQUAN library ID # library entry (RETURN)
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After all compounds have been found, the quantitation list
must be edited. This can be accomplished using the EQL
program in the sequence:

EQL filename , filename (RETURN)

and deleting any blank entries on the quantitation list or
multiple entries for the same compound from the UPQUAN
program. Following the editing of the quantitation list, it
must be sorted using the QSORT program in the sequence:

QSORT filename , linker (RETURN)

The linker remains WELL for standards quantitation. The
quantitation list can then be reprinted by the MQ program in
the sequence:

MQ filename ; F2;H;E (RETURN)

which will print the compound list and F2 table. If a large
number of compounds were not found by the RK program, the 11
table should be updated at this point so that compounds in
subsequent samples will be located correctly. This can be
accomplished by typing the following commands:

SET1 filename (RETURN)
SET2 linker (RETURN)
RKSL B';E (RETURN)

To enter these commands, the computer must be in the
Alternate Executive mode. If it is not in the Alternate
Executive mode, typing DISSW will perform this task. After
entering the above commands and updating the 11 table, type
DISSW again to return to the normal operating mode.

6.11 Generating the Initial Calibration

After quantitation of all five standards, the initial
calibration is generated using the EPAMP program in the
sequence:

EPAMP linker (RETURN)

using the linker WELL. This program will then prompt the
chemist to enter file-names of low, med-low, med, med-high,
and high level standards. The EPAMP program will then
generate a report detailing response factors for each
standard, average response factors for all five standards,
and percent relative standard deviations (RSD) for each
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compound. Missing response factors for one or more
compounds will result in an incorrect initial calibration.
Appropriate standards must be corrected using the above
procedures followed by recreation of the initial calibration
using EPAMP. Compounds designated as SPCC and CCC must also
meet EPA initial calibration criteria (see SPCC and CCC
criteria below). The initial calibration must also be
inspected for any bad entries or unusual data points. This
initial calibration is double checked and approved by either
a Senior Operator or Data Review Specialist.

6.12 Definition of a Valid Initial Calibration

• One valid injection of each of five standard
concentrations.
All standard acquired under a valid tune.
All compounds present in all five standards.
All isomeric pairs must be resolved except (on packed
columns) the 1,2-dichloroethene and o,p-xylene.
Meets all CCC criteria.
Initial calibration reviewed and signed off by Chemist
III or Data Review Specialist.

6.13 SPCC Criteria

The following compounds must have an average response factor
greater than or equal to 0.300 in the initial calibration.

chloromethane
1,l-dichloroethane
bromoform (0.250 for bromoform only)
1,1,2,2-tetrachloroethane
chlorobenzene

6.14 CCC Criteria

The following compounds must have a percent RSD (between the
five standards) of less than or equal to 30% in the initial
calibration.

vinyl chloride
1.1-dichloroethylene
chloroform
1.2-dichloropropane
toluene
ethylbenzene
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6.15 Contents of the Initial Calibration Package

A complete initial calibration package must contain each of
the following:

• BFB tuning and mass calibration forms
• Quantitation report form for each standard
• A labeled RIC for each of the five standards
• Initial calibration form generated by the EPAMP Program

7.0 Calibration Check Standard

7.1 Frequency

A calibration check standard should be run immediately after
injection of BFB. If no valid WELL initial calibration
exists on the instrument, a calibration check standard must
be run after obtaining a valid initial calibration. Valid '
calibration check standard must be obtained before sample
analysis.

7.2 Nominal Concentration

50 ug/kg
No substitution of standard concentration

7.3 Calibration Check Standard Preparation

The calibration check standard is prepared by injecting the
following amounts of primary analytical standards into a
5-ml gastight syringe containing 5 ml of sparged,
distilled/deionized water. All volumes are given in Ml.

Standard f 1907

036 5.0
394 5.0

1301 2.5
1303 2.5
1307 2.5
1322A 2.5
1354 2.5

CIS 1,2 dichloroethene 2.5

7.4 Standard Analysis

Analysis of the calibration check standard follows the
procedure defined under an initial calibration.
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7.5 Quantitation

The calibration check standard is guantitated according to
the procedure defined under an initial calibration.

7.6 Check Standard Calibration Form

Validity of the calibration check standard is checked using
the EPAUP program, using the sequence:

EPAUP filename , linker (RETURN)

program sets library amounts correctly, updates the 11
table, and prints the continuing calibration form. This
form lists percent differences in the shift standard
response factors and initial calibration response factors.
The calibration check standard must meet all SPCC and CCC
requirements as established by the EPA. If not, creation of
a new five-point calibration is necessary.

SPCC criteria and CCC criteria remain the same for specific
compounds as in the initial calibration except the maximum
percent RSD for the CCC compounds is 25 instead of 30.

7.7 Contents of the Standards Package

BFB tuning and mass calibration forms
A quantitation report form for the Check standard
Labeled RIC for the Calibration Check Standard
Check Standard Calibration Form generated by EPAUP
Quantitation report form for a valid blank
Labeled RIC for the instrument blank
Compound list for the instrument blank, which also
provides surrogate information
Internal Standard monitor for the blank
Spectra of any hits in the blank
Searches of any extraneous peaks in the blank RIC

8.0 Insty\ffl|ent Blank

8.1 Frequency

A valid instrument blank must be obtained to go with a valid
BFB run and a valid check standard.

8.2 Instrument Blank Preparation

An instrument blank is prepared by filling a 5-ml gastight
syringe with 5 ml of water. To this volume are added 5 /il
of Internal Standard #036 and 5 ni of surrogate #394.
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8.3 Definition of a Valid Instrument Blank

A valid instrument blank must be obtained before the
analysis of any samples. All compounds except for the
common laboratory contaminants (defined in the USEPA
Statement-of-Work as methylene chloride, acetone, toluene,
and 2-butanone) must not be present at concentrations above
the detection limit. Contractually, common laboratory
contaminants may be present at up to five times the method
detection limit. All other target compounds may not be
present at levels greater than one-half the detection limit.
CompuChem has found that under normal circumstances toluene
and 2-butanone should not be present above the method
detection limit. In addition, the CompuChem requirements
for methylene chloride and acetone are as follows: If the
first instrument blank contains methylene chloride and
acetone at greater than twice the detection limit, notify a
supervisor. Under special conditions the supervisor or his
designee may allow concentrations of the common laboratory
contaminants in the instrument blank up to the contractually
allowed limits. Inside the laboratory, criteria for the
four previously-mentioned compounds are used only when
holding times are in jeopardy. Holding times can also be
client specific.

8.4 Quantitation

Instrument blank quantitation is analyzed according to the
procedure detailed under Sample Quantitation (section 9.5).

8.5 Generation of the Compound List

The instrument blank compound list is generated following
the procedure under Sample Generation of the Compound List
(section 9.6).

8.6 Generation of Spectra

Dual spectra and comparative spectra of any compounds found
can be generated by typing

QLLGV (RETURN) (RETURN)

8.7 Library Searches

The instrument blank library searches are generated
following the procedure under Sample Library Searches
(section 9.8)
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9.0 Samples

9.1 Sample Storage and Holding Times

9.1.1 Procedures for Sample Storage

The samples must be protected from light and
refrigerated at 4°C (±2°C) from the time of
receipt until analysis or extraction.

9.1.2 Regulatory Holding Times

VGA analysis of soil/sediment samples must be
completed within 10 days of validated time of
sample receipt (VTSR) for EPA CLP 2/88. For SW-
846, Method 8240 the regulatory holding time is 14
days from the date of sampling.

9.2 Sample Preparation

Samples are provided to the laboratory in glass soil
impingers containing 5.0 g of sample. They are temporarily
stored in the VOA 6C/MS refrigerator labeled /3 at 4°C ±2°C.
Five ml of sparged, distilled/deionized water are added to
the sample. To this volume of the sample are injected 5 ul
of Internal Standard #036 and 5 Ml of Surrogate #394.
Sample spikes and blank spikes also require the addition of
10 Ml of #1001, which contains 1,1-dichloroethylene,
trichloroethylene, benzene, toluene and chlorobenzene.

9.3 Sample Analysis

Immediately after the sample is prepared, it is heated on a
heating block at approximately 40°C and purged for 11
minutes. The sample is analyzed using the AC program in the
form:

AC filename f number of scans to acquire (RETURN)

Under the subheading "SAMPLE11 enter the appropriate
information for sample description, including instrument and
operator ID (as prompted by the program). When all
information has been entered and the instrument reads ready,
switch the Tekmar to the desorb preheat position and the
sample will be introduced onto the head of the column. Data
acquisition will continue unsupervised through acquisition
of the designated number of scans. These procedures use
subset linkers with compound lists that vary from the full
list master linker. .EPA solid uses ROCK1, Third Edition
Solid + LS uses ROCK (the master linker).
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9.4 Quality Control

Quality Control (QC) sample types and frequencies are
specified in CompuChem's Comprehensive QA Plan. Acceptance
criteria, control limits, and corrective actions are also
outlined in the QA Plan.

9.5 Quantitation

The sample is guantitated using the RK program with option
2. This procedure allows individual compounds to be
quantitated using a calibration check standard for the
particular analysis. The RK procedure is initiated by
typing the command in the sequence:

RK filename #2, linker (RETURN)

using the linker appropriate for the type of analysis. If
any internal standards, surrogates or other compounds are
not found they can be found by using the UPQUAN program in
the sequence:

UPQUAN LIBRARY ID f LIBRARY ENTRY (RETURN)

for each compound not found. If any internal standard must
be UPQUANed then all compounds which reference that internal
standard must also be UPQUANed to ensure that the amounts
reported for those compounds will be accurate. If any
compounds are UPQUANed, the quantitation list must be sorted
to restructure compound entries. This can be accomplished
by using the EQL program in the sequence:

EQL filename , filename (RETURN)

and deleting any duplicate entries as necessary. When the
quantitation list has been edited, the quantitation list can
be sorted using the QSORT program in the sequence:

QSORT filename , linker (RETURN)

using a linker appropriate for the type of analysis. The
quantitation list can be reprinted using the MQ program in
the sequence:

HQ filename ;F2;H;E (RETURN)

which will print a compound list and the F2 table.
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9.6 Generation of the Compound List

The compound list can be generated by using the CLISTE
program in the form:

CLISTE filename , linker (RETURN)

with an appropriate linker for the type of analysis. This
program will prompt the chemist to enter an appropriate
compound list number and the weight of sample purged on the
Tekmar.

9.7 Generation of Spectra

Dual spectra and comparative spectra of any compounds found
can be generated by simply typing:

QLLGV (RETURN) (RETURN)

9.8 Library Searches

If any peaks exist in the RIC that do not correspond to
entries in the compound list and are greater than or equal
to 10% of the height of the closest internal standard, then
a library search proves necessary to identify these
compounds. This is accomplished by the UNKIDL program in
the sequence:

UNKIDL filename , linker , # number of searches (RETURN)

using an appropriate linker and number of searched required
by the analysis. This program will prompt the user for EPA
f, the case #, the first scan of interest, the last scan of
interest, and the correction factor (this can be found on
the last page of the compound list). Library searches must
be evaluated to see if any priority pollutants were found
that are not present in the quantitation report. EPA
methods require 10 searches, but 12 are produced in case a
TCL is searched needlessly.

10.0 Evaluation of Data

For blanks, samples, sample spikes, and blank spikes, all
surrogates must fall within the specified control limits. In
addition, all internal standards must pass the criteria of the
Internal Standard Area Monitor. Any samples that fail the above
criteria must be reprepared and reinjected to obtain successful
results. If multiple samples fail these criteria, the problem
should be corrected before any further analysis of samples.
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Quantitated values for any compounds found in a diluted sample
must also fall within the upper half of linear range for the
multipoint (100 ug/kg -200 ug/kg) or 1000 Mg/kg-2000 Mg/kg for
acrolein, acrylontrile, and crotonaldehyde. Any sample with
compounds outside this range that has not been analyzed using 5
ml must be diluted accordingly and reinjected for a successful
result.

11.0 Instrument Conditions

11.1 Analytical Column

DB624 Megabore
Absorption Trap: OV1/TENAX/Silica gel

11.2 Gas Chromatographic

Carrier Gas: Helium Flow Rate: 30 ml/min
Inj. Port Temp: 250°C GC Mode: Capillary
Initial Temp: O°C Interface Temp: 250°C
Initial Time: 2 min. Final Temp: 135°C
Ramp Rate: 7°c/min. Final Hold Time: 0 min.
Split Flow: N/A Sweep Flow N/A
Split/Sweep
Actuation Time:

11.3 Interface

Type: Jet Separator
Temp: 250°C
Solvent Divert Time: 0 min

11.4 Mass Spectrometer

Manifold Temp 80°C
Filament/Multiplier Actuation Time: 0 sec
Scan Speed: 0.7 sec/scan
First Mass: 35
Final Mass: 285

11.5 Tuning And Calibration

Tuning Compound: PFTBA
Tuning Sensitivity: 100 Counts/ng on-column

Bromochloromethane
Calibration Compound: BFB
Standard Identification #: 7008
Calibration Criteria: Attached Form VII
Calibration Frequency: Every 12 hours
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11.6 Analytical Standard

Identification #: 1906, 1907, 1908, 1909, 1910
Frequency of Analysis: Every 12 hours

11.7 Sample Identification

Preparation Code: XXX Vial Size: 40 ml screw cap
Internal Standard ID Number: 036 Surrogate ID Number: 394
Label: White, CCf storage: 4°C

11.8 Injection Procedure

Tekmar LSC2 or 0 I Corporation 4460A, 11 minute purge, 10
minute bake, frit sparger (medium porosity), 40-ml sparge
flow. Nominally 5-ml sample volume.

11.9 Chromotographic Maintenance

General absence of peak tailing.

11.10 Miscellaneous

Quantitation Method: Library entry
Quantification Method Name: WELL
Worksheet: COMVSWS
Compound List Number: 382
Library Name(s): WE
File Naming Convention: XX012345YZZ

XX: Analytical Prefix
Y: Shift Indicator (A,B,C)
ZZ: Instrument Number
12345 Last five digits of CC#

11.11 Analytical Prefix Types

Calibration File: BF Standard: GS
Blank: GB Initial Sample Injection: GH
Sample Rejection: GR Sample Re-extraction: GR

11.12 Analysis Type

All samples require a search of all extraneous peaks
greater than 10% of the closest internal standard, up to
10 searches.
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Table 5-2. Quality Control Information
GC/Mfl laboratory

•thod Praquancy
of KathodBlank*

Aeeaptanca criteria Corraotiva
Motion

onoa avary
12 hour*
(Xnatrunant
BUnX)

All aurrogataa within
CLa (Attachment fl)?
All TO* < 1/2 DL|
All non-TCLa <25 %
is paak haight

Dacontaminata
linaa,'trap)
flush column,
raanalyia until
blank naata all
orltaria

525 > or «• 1)20 All surrogataa within
CLa (Attaohmant /i);
TCL phthaiataa < 2X DL;
othar TCL» < 1/2 Dl>r
no nor* than 3 non-TCLa
(axoluding aolvant by*
produota) >35% 15
paak haight

Halt analyaaa
until problaa
idantifia4 and
oorraotadf
ra-axtraot
antlra batch

8270, CLP
•emivolatila
-80M 2/88,

> or - is 20

fiaaivolatila

Ail aurrogataa within
CLa <Attaoh»ant ̂ 1);
TCL phthlataa < ax DL|
othar TCLa < \ DL> no
nora than 3 non-TCL»/
m>n-aolvanta > 10% is
paaJc haight

Halt analyaaa
until problaa
Idantifiad and
oorraotad;
ra-«xtract
•ntira batch

1240 a CLP
VOA Sow 2/18
Aquaoua
Matrix

onca avary
12 hours

All aurrogataa within
CLa (Attaohmant *1);
TCL common lab aolvanta
< 2X DL; othar TCLs
< I DLf no mora than
3 non-TCLa > 10% Xt
paak haight

Daoontaninata
linaa, trap;
fluah column,
raanalyaa until
blank aaata all
eritaria

•240, CLP
VOA tow 2/88
Solid Matrix

> or • 1120 All aurrogataa within
CL« (AttaohMnt #1);
TCL ooaaon lab aolvanta< SX DL; no aora than 3
non-TCLa > 10% 18
paaX haight

Halt analyaas
until problam
idantifltd andoorractady
ra-avtraot
antira batch

5-12
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Tabla 5-3 « Quality control Samples
OC/HS laboratory

Method Frequency of
MS/M8D Pair*

Acceptance criteria corrective
Action

$270, CLP
•amivoiatiie
SOW 2/88,
and Raaweii
semivolatile

> or 1130 Majority of recoveries
and RPDa within control
limit!* (Attachments

Analyie LCS; if
aeoaptabla, raport
MS/HflD and LCS with
data guaiifiar
noting aaapl*
matrix
intarfaranoa(•)

0240, CLP
VOX SOW 2/68
and Ratwall
VOX

> or - 1:20 Majority of raoovariaa
and KPDa within control
liaiti; (Attaoh&antati, n. 13)

Anaiyia LC8r if
aooaptabl*, raport
Mfi/MSD and LC6 with
data gualifiar
noting aaapla
matrix
intarfaranoa(a)

RPD - Ralativa Paroant Dlffaranoa
* Matrix Spika/Katrix Qpika Duplioata pair

Mathod

Oiraot
Znjaot
Modifiad 624

rtaquaney of
Duplicates
> or » it20

Aeoaptanoa Criteria

TCL RPDa < or - 25%
(TCL RPDa advisory*)

Corrective
Action
Halt analyaaa
until problem
ia idantif iad and
corrected* reanalyze
DUP to verify
ayatam control
reetored

MPD « Relative Percent Diffevenoe
TCL - Target Compound Liet
* Until atatiatioal intralaboratory performance data are generated
"Fair" rafara to the set of duplicate apikee

ft-17
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Attachment *i
SURROGATE 6PXXB RECOVER* CONTROL

OC/M8 LABORATORY

—SW t«1K=« <?lia——_- — ... "•

VOA
VOA
VOA

BNBrBil

BN
BN
BN

Acid
AOid
Acid

- — —

mm ̂  . >______ »WIB«B^ ̂ "" ~ "• ~

D4-1 , 3»Diohloroathana
4*Bromofluoroboniano
Dt*Tolu«no
MwwlirirQbAXtxwaB;^H A*»« WirW**^^^*fV010-Pyrana
014-Tarpnanyl
2-Fluorobiphwiyl
2-Fluorophanol
2,4, 6-Tr ibroBOpbanol
D5-Phanol

m M ̂  •"•""• —— "̂ "̂»

_ —— II II ——— ̂ •^~-

76-114
86-115
99-110

36*114
40*130**
33*141
43-116

21-100
10-123
10-94

• '

- _ - - ——————— — ̂ ^^^^^^^^^»^

70*121
74-121
81*117

23-120
17-126**
19*137
30-115

25-121
19-122
24*113

— •

- oV'iS/Ilsb/iiniwm 10* raoovary ,,_
^ "Laboratory optional wrrogato onlyi no action limit* at this



section NO. s.o
Ravlilon NO. s
D*t«s Juno 20, 1991
P«9« 19 of $6

Attachment n
QC SPXKI RCCOVttY CONTROL LIMITS

OC/M8 LABORATORY

M*thod

VOA
VOA
VOA
VOA
VOA

BH
BN
BN
BN
BN
BN

Acid
Acid
Acid
Acid
AOid

8piXo
Compound

1 ( 1-DlchlorothtM
Tzriohlorotthtn*
Chlorobonsftn*
Toluono
B6nsono
1 , 2 , 4-Tr ionlorobMiBwi*
ACHMiAphthtno
2 i 4-Dlnitrotolu«fto
Pyrsno
H-Hitro§o-Di-N-Propyl«Bin»
1, 4-Dlehlorobwi*»n«
Pontaohlorophanol
Phtnol
2*Chloroph«nol
4-Chloro-3-M«thylpb«nol
4-Mitrophonol

Aquooua*
(% Roeovory)

61-148
71*120
7S-130
76-128
76-127

39-96
46-118
24-96
26-127
41-116
36-97

9-103
12-89
27-123
23-97
10-80

S0lid/tf*ftt**
(% Rooovory)

09-172
62-137
60-133
59-139
66-142

38-107
31-137
28-89
38-142
41-126
26-104

17-109
26-90
28-102
26-103
11-114

*Llm\tt dovivod from tPA-CLV 2/66 fttntOMnt-of-Horki for nen-CLP wttly***,
Ii»3 CB aro oubjoet to ohuigo bMod upon updated intzvltteratory •Utiatloal
pov^orBtneo dmt«»
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Attaofcmaiit *3
MATRIX iPIKZ DUPLICATE RBIATIVB PBRCSMT DIFFERBMCS (KW>) LZKZTf *

OC/Kf LABORATORY

Mathod

VOA
VOA
VOA
VOA
VOA

BN
BM
BM
IN
BM
BM

Acid
AOid
Acid
AOid
Aoid

Matrix Spika
Compound

1, l-oichlorothana
Triehloroathana
Chlorobancana
Toittana
Baniana
1 1 2 1 4-Tr iohlorobancana
Aoanaphthana
2 , 4-Dinitrotoluana
Pyrana
K-Nltromo«Dl-N-propyi*mtna
1« 4*Oiohloroban«atMi
Fantaoblorophanol
PhanoX
2»Chlorophanol
4-Chloro- J -Kathy Iphanol
4»Nitrophanoi

Aquaoua*
<RPD)

14
14
1)
13
11

2ft
31
3i
31
3t
29

50
42
40
42
50

Solid/Waata*
. (»D)

22
24
21
21
21

23
1ft
4?
36
31
27

47
35
SO
33
50

•Limits davlvad from EPA-CLP a/tt <tatamant-ot-Workf for non-CLP analyaaa,
limit* ara aubjaot to ohanga baaad upon updatad intralaboratory atatiatioalparforvaaoa data.

a-so



DELIVERABLES CODE FOR REPORT FORMAT

Style 9 includes:
o Cover letter

o Tattle of Content*

o Chronicle (including QC summary)

o Cue Narrative

o Method Reference •

o QA Notices (if applicable)

o Cbain-of-Custody (if received)

o Compound List

o RIC (sample)

o Quant Report

o Spectra

o Library Search Form IV (if applicable)

o Library Search Spectra Of applicable)

o Blank Compound List

o RIC (blank)

o Quant. Report

o Spectra

o Matrix Spike/Matrix Spike Duplicate

o RIC (spike*)

o Quant. Report

O Tttwng Summary (for sample, Wank A spike*)

o CaHbratkittt (Initial A Cootmvmg for uinplc
tfcnk A spikes)

0 RIC (sundardKindudei, to order, sample* Uaak
A«pike)

o Quant Report (sample, btaak ft spike)
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ADDITIONAL INFORMATION ON THE HEXAVALENT CHROMIUM SOP

The following additional information applies to the attached SOP for Hexavalent Chromium
analysis.

1. Sample matrix: water.

2. Sample size: 250 ml.

3. Preventative maintenance: the spectrophotometer is checked quarterly by checking the
wavelength with a standard filter.

4. Calibration standards: the calibration standards are prepared from Fisher (or equivalent)
K,CrA crystals at the following concentrations: 0.005, 0.010, 0.025, 0.05, 0.1, 0.25,
and 0.5 ppm. The standards are stored at room temperature for no more than 6 months.

5. Quality Control samples codes:
BLA01: Blank (distilled water containing same reagents as the sample.)
LCS02: Laboratory control sample (0.2 ppm, prepared from 1000 ppm Fisher

stock solution.)
DUP01: Duplicate
SPI01: Spike (0.025 ppm, prepared from 1000 ppm Fisher stock solution.)
VER01: Continuing calibration standard (0.025 ppm, prepared from 1000 ppm

Fisher stock solution.)

6. Data deliverables: the final data package will included the following items:

Table of contents
Case narrative
Initial and continuing calibration results
Raw data
Calculated results
QC sample results
Chain-of-custody records

7. Chain-of-custody procedures: see attached SOPs.
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EMS Test Code: M310.6
Referenced Methods:

APHA312A
SW846 7196
Rev. #1

fcuw I *£ M

HEXAVALENT CHROMIUM

f 0 :• i

I. INTRODUCTION

Chromium may exist in two forms, trivalent and hexavalent. The hexavalent form is
more commonly occurring, and it is also the form of major concern. Hexavalent
Chromium has a corrosive effect on skin and may produce ulcers on prolonged
contact. Hexavalent chromium is a known carcinogen. Chromium is used
predominantly in industrial processes and may enter water supplies through waste
discharge. Compounds containing chromium are also added to cooling water lines
to help prevent corrosion.

Detection Limit

B. Regulatory Limit

C Holding Time

D. Preservative

E. Special Considerations

0.01 mg/1

Discharge to waterways 0.1
mg/1 (Illinois)

General standard for the
waters of Illinois 0.05 mg/1

Pretreatment limit will vary
according to industrial user
category and POTW
requirements

24 hours

Cool, 4* C, not filtered -Gw
fiUeved (0.43*} •ftc

Hexavalent Chromium has a
holding time of only 24
hours so samples must be
analyzed as soon as possible
after sampl ing , as
hexavalent chromium is -
reduced to the trivalent
form over time.
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II. APPARATUS AND REAGENTS

A. Spectrophotometer, 540nm

B. Plastic cups

C. 25 ml graduate cylinder

D. 1+1 HjSO,

Preparation: Using a volume/volume dilution, dilute one part sulfuric acid to
one part water. CAUTION: Always add acid to water,

never the reverse. This
reagent should be prepared
in a cold water bath, as
intense heat is generated.

E. Powder pillows chrome Ver# (HACH Chemical Co.)

F. Stock Hexavalent Chromium - 50 mg/1 (1 ml = 0.05 mg)

Preparation: Analytically weigh 141.4 mg K2Cr2O7, dissolve and bring up to
volume in a one liter volumetric flask. The concentration of
this solution is 50 mg/1 Hexavalent Chromium. Holding time 6
months. Use caution when handling this reagent it is a known
carcinogen.

r

III. PROCEDURE

A. Theory

Hexavalent Chromium in this procedure i determined colorimetrically by
reaction with diphenylcarbazide in an acidic solution. A redviolet dye is
produced which can be measured spcctrophotometrically at 540 nm.

B. Method

1.. Turn on the Spectrophotometer and set wavelength to 540 nm, and
allow instrument to warm up for 15-20 minutes.

2L Use 25ml of sample and standards.

3._ Add 2 - 3 drops 1+1 H£O4 and swirl.

4.- Add 1 powder pillow and swirl until powder has dissolved
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(approximately 30 seconds).

5. Read absorbance.

IV. QUALITY CONTROL

A. A curve of at least 5 standards will be generated. Linear range is to 1 ppm.

B. BLA01 - once per run. Must be below detection limit reported.

C. LCS02 - 1 per run, recovery must be 100% ± 10%.

D. DUP01 -1 per run or 10 samples. RPD must be less than 20% or 5x D.L. ±
D.L.

E. SPI01 - 1 per run or 20 samples, recovery must be 100% ± 20%.

F. VER01 - Every 10 samples, mid range recovery must be 100% ± 10%.

V. CALCULATIONS

Samples concentration is calculated from a linear regression curve of the standards.
Multiply this value times any dilutions to get final sample concentration.

mg/1 (off curve) x Dilution = mg/1 Hexavalent Chromium

VI. TROUBLESHOOTING/INTERFERENCES

A. If the sample has any appreciable color or turbidity of it's own, it will rad a
falsely high absorbance. This can be corrected by running a "color blank",
whichJs the sample's absorbance without any reagents added. This value is
subtracted from the sample absorbance to yield a corrected value.

Sample absorbance • Color Blank absorbance = Corrected Sample
absorbance.

B. The diphenylcarbazide reaction is nearly specific for chromium, therefore
chemical interferences are uncommon.

Hexavalent molybdenum and mercury will react to form a color in solution
with diphenylcarbazide but the lower pH of the chromium analysis will keep
the color intensity low and interference is unlikely. Iron concentrations
greater than 1 mg/1 will produce a yellow color but again the color is generally
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not intense and therefore usually provides no difficulty in analysis. Vanadium
can interfere strongly but concentrations up to 10 times that of chromium can
be tolerated.

VII. SAFETY

Hexavalent Chromium is a known carcinogen.

1 + 1 H2SO4 is corrosive

Safe laboratory practices should be used at all times

VIII. CLEANUP

The Hexavalent Chromium samples and standards may be disposed of down the sink
when flushed thoroughly with water.

9002\jklOm
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CHAIN-OF-CUSTODY PROCEDURES



2.0 THE DUTIES AND RESPONSIBILITIES OF SAMPLE CU;

Duties and responsibilities of the sample
not be limited to: __

2.1 Receiving samples

2.2 Inspecting sample shipping containers for presence/absence and
condition of :

•~ 2.2.1 custody seals, locks, "evidence tape," etc.
2.2.2 container breakage and /or container integrity

j- 2.3 Recording condition of both shipping containers and sample
' containers (bottles, jars, cans, etc.) in appropriate logbooks or

fields in the computer lab information management system (LIMS), and/or
on appropriate client forms.

2.4 Signing appropriate documents shipped with samples (i.e. airbills,
chain-of-custody record(s), etc.)

2.5 Verifying and recording agreement or non-agreement of information
on sample documents (i.e., sample tags, chain-of-custody records,

£- traffic reports, airbill, etc.) in appropriate logbooks or computer
!' fields and/or on appropriate forms. If there is non-agreement in these

documents, recording the problems, contacting the client for direction
i and informing the appropriate laboratory personnel. (The corrective
} action directions shall be documented in the project file.)

2.6 Initiating the paper work for sample analyses on appropriate
!~ laboratory documents and/or in the laboratory data system as required
' for initiation of the analysis sequence according to standard

laboratory procedures.

2.7 Marking or labeling samples with laboratory sample numbers
generated by the computer and cross referencing laboratory numbers to
client numbers using the appropriate fields in the computer log-in
procedure and/or chain-of-custody sheet.

2.8 Placing samples and spent samples into appropriate storage and/or
'*- secure area.
,i

2.9 Controlling access to samples in storage and assuring that
, laboratory standard operating procedures are followed when samples are
; removed from and returned to storage.

., 2.10 Monitoring storage conditions for proper sample preservation such
* as refrigeration temperature and prevention of cross-contamination.

The temperature of the sample storage areas recorded daily and any
deviations from 4 + 2 degrees C noted. Samples are opened (when

i necessary) under a fume hood individually to avoid cross contamination.
ii

9/90 EMSIN GLP.01-9 THIS IS AN EXACT COPY OF1 THE ORIGINAL DOCUMENT:
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j Preservation of volatile vials with HC1 will be done under the charcoal
fume hood in the mass spec VOA prep lab (lab #11) and the date, lot
number and other information entered into the logbook.

' 2.11 Returning shipping containers to the proper sampling teams.

| 2.12 Maintaining custody of the sample tracking logbook.
i

I

I

i

I

I

f

f

THIS IS AN EXACT COPY OF
THE ORIGINAL CCCl'.MENT.
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3.0 STANDARD OPERATING PROCEDURES FOR SAMPLE RECEIVING

3.1 Upon receipt, examine the shipping container and record the
following information in the computer LIMS system or on an appropriate
form.

3.1.1 Presence/absence of custody seal(s) on the shipping
containers(s).

3.1.2 Custody seal number(s) and condition (i.e. intact,
broken, absent) when present.

3.2 Open the shipping container, remove the enclosed sample documents
and record the presence/absence of the following forms and their
respective numbers in the LIMS system or on an appropriate form:

3.2.1 The chain-of-custody record(s).

3.2.2 Record the project identification numbers.

3.3 Remove sample containers and record in the LIMS system or the
appropriate form:

3.3.1 Condition of samples (intact, broken, leaking, etc).

3.3.2 Presence/absence of sample tags.

3.3.2.1 Record sample tag document control numbers.
3.3.2.2 Compare with chain-of-custody record(s).
3.3.2.3 Document whether or not these numbers agree.

3.4 Compare the documents' listed below to verify the information
contained on them. Both agreement among the forms and any discrepan-
cies found will be documented. If discrepancies are found, contact
client or project manager for clarification (and/or resolution) and
notify appropriate laboratory personnel. The documentation of
corrective action instructions and the source of those instructions
will be forwarded to the Project Manager for inclusion in the data
file.

3.4.1 Chain-of-custody records

3.4.2 Sample tags

3.4.3 Laboratory Task Order

3.5 If all samples recorded on the chain-of custody record were
received by the lab and there are no problems observed with the sample
shipment, the custodian will sign the chain-of-custody record in the
"received for laboratory by:11 box.

9/90 EMSIN GLP. 01-11 THIS IS AN EXACT COPY OF
THE ORIGINAL DOCUMENT.
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I

I

1

I

I

I

I

i
i

If problems are noted, sign the chain-of-custody record and then note
problems in remarks box or reference other forms that describe the
problems in detail.

3.6 The sample custodian should record the laboratory sample numbers
assigned by the computer on the sample containers and tags.

3.7 Samples received when the sample custodian and other designated
recipients are absent will be placed in the proper lab location. The
person receiving the shipping container will sign for the container,
place it in the secure, refrigerated location and record the time, date
and name of individual receiving the container.

The sample custodian or their designee will log-in the samples on the
next business day. The date on the receipt form will be the date the
form was completed.

3.8 Broken samples should be disposed of appropriately and the client
notified that re-sampling is necessary.

THIS IS AN EXACT COPY OF
THE ORIGINAL COCUMENT.

3Y -7
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4.0 STANDARD OPERATING PROCEDURES FOR SAMPLE IDENTIFICATION

4.1 In order to maintain sample identity each sample received must
have a unique sample identification number. The laboratory
identification number is a sequential number assigned by the LIMS
computer. The LIMS system allows for the cross-reference of laboratory
sample number and client number along with date of sample receipt.

4.2 Sample containers (bottles and extract vials) will be clearly
identified with the appropriate sample number.

4.2.1 During the sample receiving process, the sample custodian or
other appropriate personnel will assure that each sample container
is identified with a unique sample ID number and that number is
recorded in the sample receipt documentation. The laboratory ID
number, assigned by the LIMS system, is written on the sample
container label and cap.

4.2.2 Extract vials will have the sample ID numbers and the
appropriate fraction (A.cid, fiase, Pest etc.) written on the vial.
These numbers should be recorded on the sample tracking
documentation (benchsheets).

9/90 EMSIN GLP.01-13



5.0 STANDARD OPERATING PROCEDURES FOR SAMPLE STORAGE

5.1 The samples will be removed from the shipping container and stored
in their original containers unless damaged.

5.2 Damaged samples will be transferred to another bottle or disposed
of in an appropriate manner and this transferral/disposal will be
documented in a logbook along with the date and initials of the
analyst.

5.3 Samples and extracts will be stored in a secure area, on the
shelves designated for that analysis or project.

5.4 The secure areas include the walk-in refrigerator #16 for Semi-
volatiles and PCB/Pest, and refrigerator #25 general inorganic and
metal samples and the refrigerators in the Mass Spec (VOA samples) and
GC (Pest extracts) rooms. These areas are locked after normal working
hours. These storage areas are maintained at 4 + 2 degrees C. The
temperature is monitored and recorded daily, by the receiving personnel
or group.

5.5 The storage area will be kept secure at all times. The sample
custodian will control access to the storage area through the receiving
area and the building security system controls access from other doors.

5.6 Whenever samples are removed from storage, this removal will be
documented in the proper logbook (extraction, analysis). The date of
extraction or analysis and the analyst's initials will be entered into
the LIMS system to permit sample tracking throughout the analysis
process.

5.7 Samples and extracts will be stored after completion of analysis
in accordance with the contract or until instructed otherwise by the
client. At this time, samples are stored for 30 days after reporting
and extracts for 90 days.

5.8 Standards will not be stored with samples. The working standards
for PCB's/Pests, Semi-volatiles and Volatiles are stored in refrigera-
tors in each analytical lab.

5.9 In order to satisfy sample chain-of-custody and confidentiality
requirements, the following standard operating procedures will be
followed.

5.9.1 Samples will be stored in a secure area.

5.9.2 Access to the laboratory will be through a monitored area,
other outside-access doors to the laboratory will be kept locked
and access limited to employees only.

9/90 EMSIN GLP.01-14



r 5.9.3 Visitors will sign a visitors log and be escorted by a
plaza employee while in the laboratory. No laboratory area will
be entered unless a member of the laboratory staff is present.

; 5.9.4 Refrigerators, freezers and other sample storage areas will
be securely maintained or locked.

[ 5.9.5 Only the designated sample custodian and the supervisory
personnel of each lab group will have keys to locked sample
storage area(s).r

r
5.9.6 Samples will remain in secure sample storage until
removed for sample preparation or analysis.

5.9.7 All transfers of samples into and out of storage will
be documented in the appropriate analysis logbook.

\~ 5.9.8 After a sample has been removed from storage by the
analyst, the analyst is responsible for the custody of the sample,
Each analyst must return the sample/extract to the storage area

r before the end of the working day or prior to the end of his/her
shift.

r
r
r
r

!r
r
r
r
r
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6.0 STANDARD OPERATING PROCEDURES FOR TRACKING SAMPLE ANALYSES

6.1 Both the preparation and the analysis of samples will be
1 documented.

6.2 All analysts will use the proper bench sheet for the analysis.

j 6.3 All notebook pages, bench sheets, graphs, computer printouts,
chromatograms, GC/MS specrra and other laboratory project related
documents will contain the date, signature (initials) of the analyst

I and other pertinent information as stated in the method or contract.

6.4 Upon completion of analysis, data will be filed in the
t— appropriate sample files.

6.5 Copies of QA/QC will be placed in the appropriate file.

r
r
r
r
r
r
I

r
r

\

6.6 Instrument logs will be maintained for each gas chromatograph-mass
spectrometer (GC/MS), gas chromatograph (GC), inductively coupled
plasma (ICP) unit, atomic absorption unit (AA), and wet chemistry
instrumentation equipment (e.g. CN-distillation apparatus, UV/VIS,
colorimeter, etc). This logbook will contain the order of analysis,
the instrument parameters, maintenance performed (and why) etc.

6.7 Copies of the instrument logs will be placed in the
appropriate files, as necessary.

6.8 All sample preparation information will be documented in the
laboratory notebook or bench sheet. All sample analysis data will be
documented using instrument logbooks, computer printouts,
chromatograms, analyst's laboratory notebooks, and/or other laboratory
documents. When sample preparation or analysis is finished, the
completed documents should be initialed and placed in the appropriate
sample and/or project files.

6.9 If samples are run in batches, which may include several projects,
all original batch analysis results will be filed in one sample/project
folder. Copies of the results will be placed in each of the other
sample/project folders and there shall be a reference to the file that
contains the original analytical results documentation. Original
calibration and QA/QC data should be treated in the same manner as the
analytical documentation.

6.10 If, for any reason the original data cannot be placed in a
sample/project file, this shall be documented and the location of the
original data noted on the file inventory (xerox copies of the data
will be included in the file).

6.11 All notes, comments and calculations made on or added to, project
related data/documents will be signed and dated by the
author/analyst/reviewer.

9/90 EMSIN GLP.01-16



APPENDIX B.4

EMS HERITAGE LABORATORIES, INC.

STANDARD OPERATING PROCEDURES FOR
DATA PACKAGE ASSEMBLY



i

] 7.0 STANDARD OPERATING PROCEDURES FOR DATA PACKAGE ASSEMBLY

7.1 A procedure for organization and assembly of all documents
j relating to each client will be implemented by the appropriate Project
'_ Manager or designated person.

• 7.2 This procedure will ensure that all documents are compiled in one
I location for submission, and are arranged in the correct order.

Prepare data file folders:

7.2.1 Using appropriate file folders, assign one folder to each
project.

I 7.2.2 Place all documents pertaining to one project in the
folder.

| 7.2.3 Documents should be arranged by document type within the
} folders, i.e., all ICP data, all hard-copy Mass spectra together

and in order as described in the contract or method.

i 7.2.4 These document files will be filed in one location and
stored in a secure area.

j 7.2.5 The kinds of documents that will be contained in project
and sample files are described in Tables 1 and 2.

7.3 The system must include a document numbering and inventory
procedure.

7.3.1 Each document, type (see TABLE 1 and 2) is inventoried and
listed on the cover sheet of the report. The number of pages and
any unique identifier is listed.

7.3.2 All documents pertaining to each project including, but not
limited to, the following will be numbered and inventoried. All
document groups should be clipped together. A document inventory
list can be used for extensive projects (TABLE 3).

7.3.2.1 Custody (internal and chain-of-) records, weekly
reports.

7.3.2.2 Laboratory logbooks, personal logbooks, instrument
logbooks,bench sheets.

7.3.2.4 Laboratory data (sorted by sample, when possible),
calibration and quality control results.

7.3.2.5 Data summaries and reports.
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7.3.2.6 All other documents, forms, or records referencing
the samples.

7.3.3 Preparation of a document inventory

7.3.3.1 A document inventory list provides a record of
all documents, and their corresponding document numbers, that
are included in the completed file.

7.3.3.2 A separate document inventory list (See Table 3) is
prepared for each project.

7.3.3.3 The laboratory will retain copies of the
document inventory lists for files reported to the client.

9/90 EMSIN GLP.01-19
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TABLE 1

ORGANICS DOCUMENTS

^ File inventory

•• * Chain-of-custody

Organics Analysis Data Summaries

IT Bench sheets and worksheets

Copies of instrument logbook pages

fl Sample tracing documents

_ Sample receipt logbook pages

— ** Internal custody records

1 Hard copies of mass spectra and chromatograms

i QA/QC package

DFTPP/BFB calibration spectra and worksheets

Quality control reports

— Standards analysis report forms, worksheets, spectra
and chromatograms

l_ Duplicate, matrix, surrogate spike results

i GC/MS computer library search worksheets and accompanying spectra

— Related correspondence and/or memos

| All other related documents

| * If received with sample shipment
j ** If used to supplement sample tracking system

Each file must contain these documents or a memo explaining
< their absence (one memo may cover several documents).
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TABLE 2

INORGANICS DOCUMENTS

File inventory

* Chain-of-custody

Inorganics Analysis Data Summaries

Copies of analysts' notebook pages and/or bench sheets

Worksheets

ICAP and AA instrument logbook pages

Sample tracing documents

Sample receipt log pages

** Internal custody records

Copies of instrument printouts

QA/QC data reports

Duplicate, blank, etc. analyses result

Related correspondence and memos

All other related documents

* If received with sample shipment.
** If used to supplement sample tracking system.

Each file must contain the following documents or a memo
explaining their absence (one memo may cover several
documents).
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TABLE 3

DOCUMENT INVENTORY (EXAMPLE)
Client No. 0000

pocument Control * pocyment Type I Pages

Client#-(Project)*-Serial#

OOOO-X-0001 Project File Document Inventory Sheet _
OOOO-X-0002 Case (Project) Narrative _
OOOO-X-0003 *Chain-of-custody _
OOOO-x-0004 Benchsheets _
OOOO-x-0005 Instrument Logbook Pages _
OOOO-X-0006 Sample Receipt Logbook Page _
OOOO-x-0007 Internal Custody Records _
OOOO-X-0008 ICP Data for Sample ****** _
OOOO-X-0009 Volatile Data for Sample ****** _
OOOO-X-0010 Semi-volatile Data for Sample ****** _
OOOO-x-0011 GC Chromatograms for Sample ****** _
OOOO-X-0012 Cyanide Run Sheet for Samples

******-****** _
OOOO-x-0013 Calibration Information _

(for each instrument)
OOOO-x-0014 Quality Control Reports (Blanks) _
OOOO-X-0015 Standards Spectra and Chromatograms _
OOOO-x-0016 Matrix Spike/Spike Duplicate data _
OOOO-X-0017 All other related documents

* If received with sample shipment
Note: Each file must contain the following documents or a memo
explaining their absence (one memo may cover several documents).

OOOO-X-0001
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12.0 Data Reduction, Ypli^tion anfl

12.1 Introduction

The laboratory analyst holds the key to the successful completion of valid and
documentable analytical testing. Analysts must be provided with proper
training, equipment and supervision so that they know and follow proper
analytical procedures. It is management's responsibility to make available at
the bench level, this QA Plan and ft is the analysts' responsibility to know and
to follow its' requirements. In addition to the QA Plao, pertinent EMS
Heritage SOPs, EMS Heritage written methods and published (EPA, etc.)
methods, the analysts must be fully aware and have easy access to any tpeetfie
contract requirements and DQO's. Data validation will never result in
acceptable data if the proper QC types are not analyzed as dicUted by the
specific project or contract

12.2 Data ficductioq

This section outlines how the raw data are reduced (calculated) into
importable values.

12.2.1 All lab analysts share tone portion of the responsibility for
maintaining documentation of the testing being performed. In
addition to the various bound notebooks which are maintained
documenting standard preparations, instrument maintenance,
instrument performance,'logbook of logbooks, etc., analysis must
maintain some combination of bound notebooks and/or original raw
data printouts with bench sheets indicating the analytical ran contents,
sequence and results. Some documentation requirements under
various testing programs may make the use of loose bench sheet* in
lieu of bound sequentially numbered notebooks an unacceptable
procedure, in which case bound notebooks will be utilized exclusively.
Exclusive use of bound notebooks may necessitate the use of loose
sheets for data entry of results and associated information into the
LIMSrsystem.

12.2.2 All analytical run notebooks must contain the following information at
a minimum:

1. Analyst identification

2. Date of analysis

* Laboratory Information Management System
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3. Instrument identification

4. Analytical method (Edition or Venion) «ed and may deviation*

5. Date of initial calibration

6. Computer file name if applicable

7. Concentration and source identJQcatioa of «Q itaodards and
spikes

8. EMS sample ID. number

9. Reference to prep performed

10. Any comments pertinent to the analyst* or sample conditions
(homogeneity)

11. Any dilutions, concentrations, sample manipulations (initial and
final weights/volumes, etc.)

Calculation of results from raw data if not contained in the bound lab
notebook, will be maintained and filed along with the original hard
copy of instrument printouts.

12.2.3 When data entry of results into LIMS is required (direct data file
transfer not available), h wffl be necessary to summarize the final
results and all information needed for data entry. A combination of
the analytical run notebook, the instrument priatcutsychromstograou,
calculation work sheets, prep bench sheets/notebooks and summary of
final results will be sufficient to re-construct the sample analysis. This
simple final result summary will include at a minimum:

1. Analyst identification

2. Date of analysis

3. Instrument identification

4. Analytical method used

5. Computer file names

91O0114U42
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6. EMS cample ID, number

7. Comment to appear on the final report

8. Any dilutions or concentrations involved

9. Final results with proper units and detection Umits

10. Reviewer initials and date of review

11. Data entry operator and date of data entry

12.2.4 All instrument primouu/cbromitograrnt must contain the following at
a minimum:

1. Analysts' initials and date of review of hard copy

2. Sample or standard identification (and cone.)

3. Computer file numbers

4. Dilutions or concentrations

5. Date and time of Injection or analysis

6. Units (pg/L* mg/U ing/kg, etc.)

7. Identification of samples that are spiked or duplicated (in
addition to computer assigned "Q" numbers).

8. Peaks chosen for quantitation and their identification.

12.2.5 Some testing will generate only bench sheets when no instalment
printout is possible or practical (pH, titntioos, etc.) and no bound
notebook is maintained. In those cases this bench sheet must contain
all information required in the analytical run notebook previously
discussed and the following at a minimum:

1. Reviewer initials and date of review

2. Data entry operator initials and date of entry

3. Page numbers
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4. Calculated final results, %R of spikes, RPD of duplicates, etc.

5. Any raw data used to arrive at the final result

6. Results of the calibration curve (linear regression, log
transforms, etc.)

All calibration curves conforming to a linear equation will be fitted by
the least squares linear regression technique. This procedure will also
be used for calibration curves that require log transforms or similar
transforms. The formula for calculation of the regression line is as
follows:

Where: Y - mX 4 b
Y » Point on the y axis
m - Slope of line
X - Point on the x axis
b * y intercept

The least squares estimate of b and m uses the following equations:

Other scientifically sound procedures/data reduction techniques may
be used as permitted by the Chief Chemist and the QA Officer.

12.2-7 When using the exgerpaj standard calibration technique the average
calibration factor (CF) can be used in place of a calibration curve
(noil-linear) when the 96RSD is less than 20% over the working range
and linearity through the origin can be assumed. The calibration
factor (CF) is calculated as follows:

tiovntusa
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__ m Total Area of Peak*
Mass Injected (in nanograms)

or RF(R*pon« Factor) = *** ******^^ Total Area of Peak*

*For multi-response pesticides/PCBa, gasoline, diesel, etc., use the total
area of all peaks used for quantitation.

The concentration of each analyte in the sample may be determined
by calculating the amount of standard purged or injected, from the
peak response, using the calibration curve or the calibration factor
(CF) above. The concentration of a specific analyte is calculated as
follows:

Aqueous samples;

Concentration (ug/L) = [(A1)(A)(Vt)(D)Vl(A,)(Vi)(V1)]

where:

A, = Response for the analyte in the sample, units may be in
the area counts or peak height

A - Amount of standard injected or purged, ng.

A, = Response for the external standard, units same as for
AT

V, = Volume of extract injected, /iL. For purge-and-trap
analysis, V( is not applicable and therefore - 1.

D = Dilution factor, if dilution was made on the sample prior
to analysis. If no dilution was made, D = 1,
dimensionles*.

V, = Volume of total extract, pL. For purge-and-trap
analysis, Vt is not applicable and therefore - 1.

Vs =* Volume of sample extracted or purged, mL.

91GB1148JS2
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By inspection of the above formula one observes that the
concentration in the extract is:

<A,)(RF)

where: RF(RtsponseFactory = —

*RF is the inverse of CF.

Nonaqueous samples;

Concentration (ng/g) - [(As)(A)(Vt)(D)y[(A1)(V.)(W)]

where:

W - Weight of sample extracted or purged, g. The wet
weight or dry weight may be used, depending upon the
specific applications of the data.

A,, A,, A, Vt, D, and V{ have the same definition as for
aqueous samples.

12.2.8 When using the internal standard technique (all GC/MS analyses) the
average response factor (RF) can be used in place of a calibration
curve (non-linear) when the %RSD is less than 20% over the working
range and linearity through the origin can be assumed. The response
factor (RF)* is calculated as follows:

RF

where:
A, = Response for the analyte to be measured.

Aj, - Response for the internal standard.

Cta = Concentration of the internal standard, /xg/L.

C, = Concentration of the analyte to be measured, /x.g/L.

91GB1148.U2
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'Also known as "Relative Response Factor" or RRF

The concentration of a specific anatyte is calculated as follows:

Aqueous samples:

Concentration fcg/L) - [(A1)(Cb)(D)yi(AJi)(RF)<Vi)]

where:

A, — Response of the anatyte being measured, units may be
in area counts or peak height.

Cj, = Amount of internal standard added to extract or volume
purged, ng.

D = Dilution factor, if a dilution was made on the sample
prior to analysis. If no dilution was made, D = I,
dimensionless.

AJ, - Response of the internal standard, units same as A,.

RF = Response factor for anatyte.

V, = Volume of water extracted or purged, mL.

Nonaqueous samples:

Concentration <^g/kg) = [(Af)(Ch)(D)y[(AiI)(RF)(W,)]

where:

W, = Weight of sample extracted, g. Either a dry weight or
wet weight may be used, depending upon the specific
application of the data.

A,, Cta, D, A^, and RF have the same definition as for aqueous
samples.

The RF from the daily standard (CCV) analysis is used to calculate
the concentration in the sample unless specific methods dictate
otherwise.

91GB114B.I52
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12,2.9 Manual data entry is the responsibility of the Data Entry Supervisor
who will assure that data entry staff have knowledge of the system in
order that complete analytical information is entered accurately, in the
correct format and labeled consistently. Data entry staff will not
perform any calculations; all data entry items will be summarized and
submitted on standard forms which nave been reviewed by the
responsible group leader for acceptability, accuracy and completeness.

All analyses in the data system are based on the "analytical run*
concept All data (prep or analytical, is grouped in the computer,
exactly in the order analyzed (as it also appears on a benchsbect). All
QC1$ included in the analytical sequence.

Automated data transfer »the responsibility of each respective Group
Leader.

pa^a Validation • During Collection

The principal criteria to be used to validate data integrity during collection
will be the following:

1. Calibration Criteria (Linearity, RF etc.)

2. Internal Standard Areas (organic*)

3. Calibration Blank Value (CAL01)

4. Method Prep Blank Value (BLA02)

5. Reagent Blank Value (BLA01)

6. Result of calibration verification standard used to verity
calibration (ICV01).

7. Results of (matrix) spiked non QC samples (DPS01, SPI01,
SP102, DPS02).

9. Results of surrogate recoveries (organic*)

9. Results of replicate measurements (DUP01, PUP02, DPS02).

10. Results of Continuing Calibration Verification standard (CCV)
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1 1, Results of Laborttory Fortified Blank* and Laboratory Control
Sample* or QC Check Sample* (LCS, DLCS, ICV02)

12.3.1 These measurement! are to be made by tbe aamryst who, using specific
acceptance criteria, wfll either proceed with analyses or take corrective
action. All QC data must be reviewed by tbe Group Leader to insure
that all QC types have been completed and BMet acceptance criteria.
Croup Leaden must also:

1. Check raw data entries and cakulatioas.

2. Check extraction logs and benchsheets.

3. Check Calibration integrity.

4. Check Instrument/analytical logbooks.

Tbe Group Leaden are responsible for assariog that all bench sheets
submitted for data entry are accurate and adequate to allow for the
rapid and error free recording of data into UMS.

12.3.2 Group Leaden and the Sample Custodian are also responsible for
checking and assuring that all internal chaui of custody requirements
and documentation of such are met

12.3.3 In summary, Group Leaden will review aB bench sheets or release
computer files to LIMS after review. In ad<Stk>o 20% of all raw data
will be reviewed by the Group Leaders to insure that the method ww
in-control during the analytical run. Group Leaden are responsible
for initialing and submitting data for data cttry upon completion of
their review. Thfo completes the first step in review of the data
integrity and data validity.

12.4 Data Validation - Post Completion

Subsequent to data entry, the Quality Assurance Unit is responsible for
comparing bench sheets with actual data entered into LIMS. Such review will
occur for 2*5% of all data entered. This activity will be documented and
retained on file.

Refer to Figure 12.1, Data Review Protocol for tbe procedures used at EMS
Heritage for data review and validation. The QA Officer and/or the QA Unit
must also:

91GB114SJS2
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1. Confirm that the goals for precision and accuracy on duplicate and
spiked compounds are sufficient to achieic the foal of 99%
completeness.

1. Confirm that all analytical QC precision and accuracy (the
measurement system, not sample (matrix) related) i$ 100% acceptable
or that the run has been rejected and cuncoiK action taken.

3. Confirm that all client specific or contract specific QC requirements
have been met

4. Examine at least 5% of the raw data (e.g. chromatograms, AAS
recorder outputs, burn record on a periodic basis to verify adequacy
of documentation, confinn peak shape and resolution, and to assure
that the instrument system is sufficiently sensitive and responsive.

12.4.1 Infcrqa) and External Assessments

External assessment of the adherence to die QA/QC policy and
procedures is the responsibility of the QuaEty Assurance Officer.
Audit forms have been developed in the QA? ad are used at all EMS
Heritage Laboratories to evaluate their adherence to QA/QC
Procedures. External assessments are also accomplished via third
party audits.

Internal assessment of the compliance to conpany QA/QC policies
and procedures is conducted by the Laboratory Director and the
Quality Assurance Unit or their designee. Review of documentation,
use of blind duplicates tod standards and motthh/ reference materials
shall be used to evaluate the performance of each laboratory. Refer
to Section 14.0, Performance and Systems Aadjts for the details of
internal and external assessments.

12.4.2 Quality Control Policy ajpd Procedures

The EMS Heritage Laboratories, Inc. QAP is mandatory at all
laboratories. Specific procedures axe requiicd and regular quality
control audits are performed to assure comptiuce to company policy,
Quarterly quality control reports are requiitd from the QA Units
submitted through the QA Officer- The overall quality of analysis
shall be compiled tod summarized by the QA Officer, who will report
this summary to the President of EMS Herittft. Acceptable levels of
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performance are presented and monitored by the QA Officer.

12.5 Laboratory Quality Control Check*

The types and frequency of laboratory QC Checks are presented in Table
11.5, Analytical Run Requirements/Frequency* This table presents basically
three categories of QC:

1. Instrument Calibration QC

2. Instrumental Method QC (tests w/no prep, or analyzed w/o
prep)

3. Analytical samples QC • processed through all steps (prepped
QC).

Instrument Calibration criteria must be met before any analyse* are allowed
to proceed.
Internal QC checks not related to calibration are discussed below.

12.5.1 Preparation or Me^pd Blank*;

Blanks are identified it EMS Heritage as either BLA01 or BLAQ2
(calibration blanks are treated as a calibration data point, CALOJ).
Those methods that do not differentiate a prep from the analysis, i.e.
purge and trap volatile analyses, are labeled as BLAOl, which is
equivalent to a BLA02 for tests that do haw a separable prep and
analysis. The following control limits apprj for all method blanks
(BLA02) and reagent blanks (BLAOl):

If sample results are greater than 10 times the method blank value or
the sample results are below the detectabk level, the analysis is
acceptable. Otherwise, the following criteria will apply.

1. Organic Anafytcs; Less than the Reporting Detection level
(PQL)

Exceptions to the rule will be for common lab solvents not to
exceed 5 times the PQL, in chiding but not limited to the
following:

1. Acetone

9ic*n« 152 * Only the **** P"̂ 1""* to Chromium VI analysis is included.
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2. Methylene Chloride

3. Toluene

4. Methyl Ethyl Ketone (MEK)

5. Methyl Uobutyl Ketooc (MIBK)

6. Freon(s)

7. Phthalates

2. Inorganic Analyte*: Less than the Reporting Detection Level
(PQL)

Exceptions to the rule will be for the following metal* - not to
exceed 3 tunes the PQL;

1. Iron

2. Nickel

3. Zinc

4. Copper

12.5.2 Any target compounds in the blank will be reported. Any sample
containing a similar amount of the compound outside the acceptable
range will be re-analyzed when the source of the contamination is
Identified and removed.

Target compounds found to be BDL (Below Detection Unit) in the
blank will be entered into the data base at 0.4 times the MDL,

12.5.3 Matrix Spfr«

Matrix spikes are included as a routine protocol according to the
frequency given Table 11.5, Analytical Run Requirements/Frequency.
Matrix spikes serve only to show that an individual sample does or
docs not exhibit matrix interferences using the prescribed method; they
do not definitively demonstrate that a given analytical method is out
of control. Other QC types will be utilized to demonstrate that an
analytical method is ID control (QC check sample, LC5, etc.).

tunu 40,152
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12.5.3. 1 There arc basically two types of spikes utilized and they
are as follow*

1- Pre-digestion/extraction spikes

2. Post digestion

Pre*dige»tion/extraction spikes are performed for all
applicable analyses at the required (Table 11.5)
frequency. The goals for accuracy are listed in Table
5.1, QA Targets for Precision. Accurac and Method

*Detection Lipijtg* Tho** control limits are determined
from actual data entered into the QCfS when a
sufficient number of observations (minimum of 7) are
available to determine meaningful statistical limits.

Accuracy will be a function of the spiking level chosen.
Many methods and testing programs specify the spiking
levels to be used; EMS Heritage will use those spiking
levels where specified. As a general rule, spiking will be
performed at approximately 10 to 20 times the MDL
unless other factors preclude that choice.

Several methods have established multi-laboratory
performance based control limits for spike recovery of
specific matrices (water and soil) through the USEPA.
While Table S.I contains actual EMS Heritage
developed control limits, the control limits used will be
those determined by the USEPA for those equivalent
analyses (assumes similar spiking levels used). Surrogate
matrix spikes will be treated in the same manner for
organic analyses. Refer to the specific methods for
further explanation.

12.5.3.2 The spike (%R) recovery QC Acceptance Crj jerjja for
those organic methods providing specific limits axe as
found in Table 12.1, Organic Spike Recovery Criteria?*

12.5.3.3 The spike recovery (%R) QC Acceptance Criteria for
Chromium VI analysis must be 100% ±20%.

* Only the page pertaining to Chromium VI analysis is included.
* Not included since it does not pertain to Chromium VI analysis.
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12.5,3.4 Post-digestion spikes (SPI01) are primarily used in
metals analyse* and are also referred to as the Method
of Standard Additions (MSA). Two versions of this
MSA are referenced in SW-S46, Third Edition. The full
method of standard additions generate* a 4 point curve
from which final results can be calculated. Another
version of MSA is the Single-Point MSA, which
essentially is a sample and matrix specific spike recovery.

Tne spike recovery criteria for a post-ojgesUon spike is
as follows:

SrtOl Criteria: 85-115% Recovery

12.5.4 Duplicate Matrix Spike* (DPS01. DPS02)

Duplicate matrix spikes measure both accuracy (ste previous section
for matrix spikes) and precision. As with matrix spikes, USEPA has
established control limits for precision of specified methods for waters
and toils. Those control limits are given as Relative Percent
Difference (RPD) and will be used as control limits by {IMS Heritage
wben applicable. When the methods do not specify RPD control
limits, Table 5.1 of this QAP wUl be utilized when a sufficient number
of observations allow for usable statistical limits. A maximum of 50
percent RPD will be allowed for organic tcsiiug and 20 percent RPD
for inorganic testing. RPD's exceeding these limits will be considered
as out-of-control for Duplicate Matrix Spike analyses.

910&LM8.I52
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Maximum Acceptable RFD
RPD Inorganic Criteria: 0-20
RPD Organic Criteria; 0-50

12.5.4. 1 The Precision Control Limits for those organic methods
providing specific limits are given in Table 12.3, Organic
Precision Copjyol Limits,*

12.5.5 Reagent Water or Reagent Matrix Spikes (LCS. DLCS)

Reagent water or reagent matrix spikes will be used as additional QC
checks to monitor the effectiveness of the method. These QC types
will utilize either reagent water spiked w/analyle (also known as
Laboratory Fortified Blank) or a blank matrix (water, soil, sand, oil)
which is known to exhibit minimal or no matrix interferences. EMS
Heritage uses the acronyms of LCS (laboratory Control Sample),
DLCS (Duplicate Laboratory Control Sample) and/or ICV02 (Initial
Calibration Verification - Prepped Standard) to identify the variations
of these check samples. Analysis of this QC type will demonstrate that
the method is in control when the Matrix Spike/Matrix Spike Duplicate
(MS/MSD) recoveries arc out-of-control. These QC types must be
extracted/digested (if applicable) in the same preparation batch as the
samples failing to meet QC criteria. Analysis may be optional for
some organic tests when QC criteria for MS/MSD samples are met

12.5.5.1 The reagent water or reagenl matrix spikes (Laboratory
Control Sample) are entered into the QCTS in LEMS as
are all QC types. In addition, these QC samples are
kept on control charts at the bench level. The minimum
QC criteria to be utilized for these QC types will be the
same criteria as for matrix specific
precision and accuracy. More stringent criteria will be
utilized where available. As a geji£rj&l rule the following
criteria will apply for the Laboratory Control sample:

(LSCt DLCS, IQVQ2\. 80-130% Recovery (Accuracy)
DLCS: 20% RPD

For Chromium VI analysis, the recovery must
be 100% ± 10%.

* Not included since it does not pertain to Chromium VI analysis.
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12,5,6 Quality Control Check Performance Evaluation Samles

Acceptance criteria for P.E. sample* are set by the organization
running the study (EPA, commercial vendor*). AU results of P.E.
samples are summarized to management

12.5.7 Quality Control Check Standards or Initial and Continuing Calibration
Checy Standards (ICyOl. CCV)

Por Chromium VI analysis, the check standard (VER01) must have a mid-range
recovery of 100% ±10%, B

12.5.8 Duplicate Samples (DTJP01. DUP02)

CoouoJ limits for duplicate samples are Identical to those set for
duplicate matrix spike samples

, with one exception. Since duplicate precision is measured from
anaiyte already present in the sample (no spike added) the level may
not be detectable or may be very close to the detection limit
Concentrations of anaiyte less than 10 times the reporting detection
limit (MDL> PQL» etc.) present in non-spiked (duplicate) samples will
not be considered as out-of-conlrol based on the QCTS data, but will
be allowed a maximum RPD of 20 percent for inorganic analyses and
50 percent for organic analyses.

125.9 Methods Utilizing Internal Standards

The criteria which muit be met for internal standard areas (when
used) are found in Table 12.4, Internal Standard Area Criteria.

12.S.10Su.crp^ftte Recovery Criteria

Control limit criteria for methods which do not specify specific control
limits will be developed from In-house data. EMS Heritage wjU not
adopt criteria less stringent than the published method criteria.
"Advisory" criteria will not require corrective action. Refer to Table
12.5, gmroyaje Recovery Criteri/for method specific control criteria.

12.6 Review of Project Dat^

Project Managers are responsible for review of the overall project data before
submission to the client All laboratory "Certificates of Analysis" (Reports)

* Not included since it does not pertain to Chromium VI analysis.
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and QA Summaries are reviewed and approved only by the QA Unit (see
Reporting) prior to delivery to the Project Manager.

Project Manager* are responsible for the following review prior to releasing
the data report package to client*.

1. Review of supporting documentation including, but not limited
to:

i. Chain of Custody.

b. Laboratory Analysis Request or Task Order
Forms.

2. Review of all contract or project deliverable* for completeness
and accuracy including but not limited to:

a. Reporting forms.

b. Selected Raw data including chromatograms/
printouts.

c. Adherence to specific PQO's.

d. Analysis of all required QC Types at the required
frequency.

3. Review of data for any obvious anomalous values, specifically
those areas requiring knowledge of special project conditions
possibly unknown to the QA Unit during review. Review large
sets of data for comparability from one analytical batch or case
to another in the project (QA Unit does not generally review
an entire case at one time).

4. Adherence to reporting deadlines nod shipment/delivery of
report packages by the best means available to n*eet those
deadlines.

12.7 pata Reporting

The Data Entry Supervisor is responsible for supervision of all data entry
operators. The Data Entry (D E.) Supervisor (or designee other than the
original data entry operator) will verify S percent of aU data entered into
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LIMS. Ijocations having only one D.E. person wii not check data in this
manner; this responsibility will fall solely upon the QA Unit of that location.

Validation of data entry is performed for aj) data a* a 2-5 percent frequency
and is the responsibility of the QA Unit The QA Uaft may delegate this task
to the QA Assistant or other staff person trained to perform that function.

The QA Uoit is responsible for reviewing all final reports prior to release to
clients. Reports are to be reviewed for

1. Completeness • All parameters, detection limits, units, dates,
descriptions, etc. must be complete aad correct

2. Consistency • All parameters must be internally consistent
(CrVJ £ Cr Total, TKN fc NHj • N, TS fc TPS, etc.)

3. Comparability • All parameters and «nits must be reported In
such a way that data sets can be evaluated relative to each
other as necessary.

12.7.1 All modifications to samples In tbe LIMS system roust be documented
on the {Sample Modification form. Figure 12.2. Original entries or
additions (comments, etc.) to original entries will not utilize this form
unless the sample is a "status 8" (released) category. All modifications
to test codes must be approved by the Prefect Manager or the QA
Unit Modifications to samples that are completed and released
(LIMS status 8) are possible only by tbe QA Unit staff. Any report
that has been sent to a client and subsequently modified in any way by
tbe QA Unit must be identified as an 'ajneaded report" and the date
of amendment and tbe initials of the perse* making the amendment
wilt be given on the certificate of analysis.

12.7.2 Samples of final reports aad computer (LIMS) QC summaries are
contained In the attached gjnal Report Examples.

12.7.3 Special Reporting Requirements

Sample analysis failing QC criteria due to nutria related interferences
or samples requiring dilutions, etc. may have been analyzed 2 or more
times. EMS Heritage will report a maxima* of two analyses in those
cases, or each analysis if client desires.
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If a re-analysis of the sample fails the wme criteria a second time and
ail other instrument criteria are in control a matrix interference if
assumed and both analyses may be reported. If only the reanaJysis is
in control, only the reanalysis wfl) be reported.

Exceptions to this policy will be made for contract requirements and/or
different client DQO't,

12.8 Data Storage

The following data is maintained for long term storage.

bench sheets

strip charts

chromatograms, print-cuts

magnetic media used to store results

invoices and financial statements

project files

customer data

various raw data

lab related periodicals

12.8.1 The records, bard copy and magnetic media, are kept on site for a
period of six months to a year. As necessary, records may be
transferred to an offolte records storage facility. The records storage
facility must provide secure, access controlled and environmentally
controlled storage of records, for all GLP (40 CFR, part 160)
projects, records will be kept on -rile.

After the completion of the requested work, records of the raw data,
quality assurance data aod reports will be kept by EMS for at least five
(5) years unless otherwise required by law or regulations. Magnetic
tapes are maintained, however, magnetic tapes have a storage life
expectancy of less than ten (10) years.

91GBK461S2
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12.8.2 The following is an overview of how records are stored and retrieved
at EMS Heritage.

12.8.2.1 Storing Records

To send a box off site to a records storage facility the
following three steps will be followed.

1. A box is filled with material of a related nature.
The box is then marked to show the contents and
the related service group and destruction date.

2. The box is then taken to the off-site storage
coordinator where the box is given a unique
number. The unique number, the contents, the
associated service group, and the date stored are
recorded in a ledger. Once the box is entered
into the ledger it is scheduled to be picked up or
delivered to the off-site records storage facility.

3. The off-site records storage facility stores the box
and gives it a unique location code. Once the
location code is assigned off-site records storage
facility contacts the off-site storage coordinator,
who enters the location code into the box's ledger
entry. This allows for the recall of individual
boxes.

12.8.2.2 Recalling Records

To recall records from off-site storage requires the EMS
box number and the records storage facility location
code, both of which are kept in a records storage ledger.
A copy of the ledger is kept by the off-site storage
coordinator, who can also recall the box from storage.

12.8.3 The LIMS system located in Indianapolis is backed up on a three cycle
program. Every week a backup of the system is done. Weekly
backup tape sets are rotated every week. So, if the computer is
backed-up with tapes set "A" this week tape set "B" is used the next
week. The tape sets are rotated back and forth every other week,
except the last week of the month. For the last week of the month
tape set "C" is used. By using this method it is possible to restore the

91GB1148452
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computer from as far back as one month. The tape sets are held at
off-site storage, except when called back to do the backup. EMS
Heritage also maintains over a month of "redo's" on tape that are
backed up each day. "Redo's" are copies of the transactions needed
to apply to an old backup of the database to bring it up to date. EMS
Heritage also maintains a two week rotation of backups for the
software. The software is backed up each day as well.

12.8.4 Data is not stored or organized per specific project unless contract or
other client requirements dictate such. If storage by project is
required, all raw data and final reports are copied and stored in a
"central project file".

All original raw data and benchsheets are organized and stored in
folders chronologically according to analytical batch and date of
analysis.

91OB1148.152
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Table 11.5
ANALYTICAL RUN REQUIREMENT/FREQUENCY

Dunked Solid*

ISE FlBocide

Formaldehyde

Oroii Alpha.
fete

TitranBtftc

s±r
HomleutQ

lodio*

TKN

0SS
Nhraia-N
(Cokifiaietrie)

Nllrito-N

Nitmi»-Nitril»-N

NUMBM Dul

00 A Or——

Oil* Grace

EPA

EPA

AOAC

EPA

EPA

SM

sw

SM

EPA

EPA

EPA

EPA

EPA

NIOSH

BPA41X1

SWW71

•••'t'.li'.tl"?ill
R.

10%

C

NA

R

R

R

C
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FIGURE 12.2

SAMPLE MODIFICATION FORM

REQUEST FROM:. DATE.

SAMPLE STATUS:.

SAMPLE NUMBBRSi__

CLIENT:.

TEST! CODE ADDED/CANCELLED;,

TEST CODE CHANGED FROM __

RESULTS MODIFICATIONS:____

TO

REASON FOR ADDITION OR CHANGE:.

MODIFIED BY:. DATE

PROJECT MANAGER'S APPROVAL INITIALS:_____ DATE

ACCOUNT MANAGER'S APPROVAL INITIALS:____ DATE

OLD PRICE:_____......__________ NEW PRICE:___
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FINAL REPORT EXAMPLES



C E R T I F I C A T E O F A N A L Y S I S

Service Location

EMS HERITAGE LABORATORIES, INC.
7901 W. MORRIS ST.
INDIANAPOLIS, IN 46231
(317)243-8305

Seceivea i.at3 [0
2 3 - A P R - 9 1 ; A228370

Completa

05-JUN-91
Printed

13-JUN-91

PO Number
90607684-59A

Sampled

Seoort To B i l l To

Sanplc Description

FAA OR ICP ACID DIGESTION OF
Analyst: J. CARSON

AQUEOUS SAMPLES SW846-3005
Analysis Datt: 30-APR-91 Test: P130.4. 0

Parameter
INITIAL WEIGHT OR VOLUME
"INAL WEIGHT OR VOLUME

Result
50
50

Det. Limit '. Units
mL
mL !

BARIUM
Analyst:

Prep:

BARIUM

ICP
M. JAO
FAA

SW846-6010

OR ICP ACID
Analyst

DIGESTION OF
Bate* OWWf-91 Instrument: ICP Test?
AQUEQBS SAMPLES SW846-3005

Parameter RMUlt

LQ.049

MtOK.J. 0

Det. Limit
0.010

Units
mg/L

CADMIUM ICP SU846-6010
Analyst: H. JAO

Prep: FAA OR ICP :ACID

:::..t ':,...

Analysis D«e: 01-MA¥r»l Instrument: ICP
DIGESTION OF AQUEOUS SAMPLES SW846-3005

Parameter
CADMIUM

CHROMIUM ICP SWS46-6010
Analyst! M. JAO

Prep: FAA OR ICP ACID

Result
BDL

Analysts Date: 01-HAY-91 Instrument! ICP
DIGESTION OF AQUEOUS SAMPLES SW846-3005

Paraneter
_MROMIUM

Result
BDL

Test: H108.3. 0

Oet. Limit Units
0.0050 mq/L

TWt: M110.3. 0

Oat. Limit units
0.010 mq/L

1ICKEL
.nalyst:
Prep:

ICKEL

SILVER
natystt
Prep:

CILVER

ICP
H. JAO
FAA

SW846-6010

OR ICPvACID
Analy*f«

BIEESTION OF
0»t«: Oi-HAV91 Irwtrunent: ICP test; H122;5.
AQU£QUS SAMPLES SW846-3005

Parameter

ICP
H. JAO
FAA

SW846-6010

OR ICP ACID
Analysis

DIGESTION OF

BDL
Result Det. Limit

0.010

data: 01-fMY-fl innrunent! ICP Test: M13H.S.
AQUEOUS SAMPLES SW846-3005

Parameter
BDL

Result Det. Limit
0.010

0 ,: : :

Units
mq/L

0

units
mq/L

Page 1



Q U A L I T Y A S S U R A N C E R E P O R T

Service Location

EMS HERITAGE LABORATORIES. INC.
.-7901 W. MORRIS ST.
i INDIANAPOLIS, IN 46231
1 (317)243-8305

Received
23-APR-91 '

Complete
05-JUN-91 i

Printed 1
13-JUN-91 i

Lob ID
A228370
PO Nunber

90607684-59A
Sampled

Sample Description

3ARIUM ICP SW846-6010
Analyst : M. JAO Analysis Date: 01-MAY-91 Instruraant: ICP Te»t! M104.3.0
Reviewer: S. EMDERSEK Review Date: 02-MAY-91 F iLa ID: Run: R11983S
Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-3005

OC Type

•-V01
S02

SPtOZ
crv

(01
tea
8LAOZ

PLE
....'
BIA01

I dent i -fieri Source
Q239253
3231974
•2231973
3239277
2239276
0231971
Q23197Z
A228370

UP 1083
A228372
A228372
[MORGAN 1C

UA

NA
KA

0 239275 j [NOR CAM 1C
0239274 INA

Parameter
8ARIUM
BAftJUH
BARIUM
BARIUM

BARtUH
BAftlUH
BARIUM
See Certificate of Analysis
BARIUM
»AAIUM

True/Samel
2.00
0
0
5.00

20.0

5.00

Spike tfal

2.00
2.00

Observed
2.06
1-92
1.84
4.52
< O.OtK
18.9
< 0.004

(.81
« 0.004

Units
mg/L
mg/L
mg/L
mfl/L
rafl/L
«9/L
ma/L

mg/L
rag/L

X R«C
103
96
92
W .

94

96

RPD

4

;ADMIUM ICP SW846-6010 «, •
-Analyst t M . J A Q :: Aflatlr»U:Ba^g: :m-Wy-91 Imtrui»n»! ICP Taut: M108;3.0

Heviewar: S. EHDERSEM Review Date: 02^HAY-91 Filo ID: Runs R 11 9838
Prep; FAA OR ICP ACID DIGESTION OF /yjUEOOS SAMPLES SW846 -3005

C» Typej Identifier
icvoi
1 01
C _02

0239254
0239259
0231974

SPI02 ! Q231973
c-oi
C
BLA01

LCS
B 02
l«J>tE
ccv
a n

3239279
0239277
0239276
U231971
3231972
A228370
0239275
0239274

Source
UP 1083
WP10C3
A228372
A228372
NA
INOftGAMlC
MA
MA

NA

INOftGANtC
NA

O 11 Q239270INA J

Parameter
CADMIUM
CADMIUM
CADMIUM
CADMIUM
CADMIUM
CADMIUM
CADMIUM

CADMIUM
CADMIUM

S«« Certificate of Analysis
CADMIUM

CADMIUM

CADMIUM

True/sempl
0.400
0.400
0
0

0.0100
5.00

0.500

S.OO

0.0100

Spile* Val

0.050
0.050

Observed

0.425
0.407
0.0415
0.0398
0.0116
4.40
< 0.002
0.407
< 0.002

4. BO
< O.OOZ
0.0122

Units
mg/L
mg/L
mg/L
"W/l.
mg/L
••«B/L:. : : - ' : ' " :
«9/l.
ng/t
mg/L

mg/L
mg/L
ma/U

X Rec
106
102
83
80
116
90

. .«'.

96

122

RPD

4

''HROHIUM ICP SW846r6010
«ly«t : M. JAO AnBly»U B«te: 01^»«*-91 Instrwnent: ICP Te«tJ: MtfOiiJ.O

^vi«wer: S. ENOERSE* K«y<ew Dat«> D2-M-91 File ID: Rgnr:*1iM3*
Prep: FAA OR TCP ACJO DieESTlOK OF AQUE00S SAMPLES SW846-3005

Qt ypc
1C H
ICVQ1
or 12
S 12

I d«nt ( f i er
Q239254
0239259
3231974
0231973

COL01 5239279

Source
WP1083
wpioaa
A228372
A228372
NA

Parameter
CHROMIUM
CHROMIUM
CHROMIUM
CHROMIUM
CHROMIUM

Trtn/sampl
0.400
0.400
0
0
0,0200

Spike Vsl

0.200
0.200

Observed

0.421
0.400
0.193
0.183
0.0260

Un1t»
TO/L
mg/L
»9/L
mo/L
ng/L

X Rec
105
100
97

':$*•' •
130

RPO

3

Page 1



EMS HERITAGE LABORATORIES, INC. Lab Sample ID: A228370
3C Type) Identifier (Source .Parameter Truc/Saupt
r^V
A01

CT.S
8LA02
MPLE
y

BLAQ1
"i.01

3239277 1! MORGAN 1C ICHHOHIUM
0239276 iNA
Q231971IUA
0231972
A228370
Q239Z75
3239276
3239270

NA

CHROMIUM
CHROMIUM
CHROMIUM

;See Certificate of Analysis
INORGANIC
MA
NA

CHROMIUM
CHROMIUM
CHROMIUM

S.OO

2.00

S.OO

0.0200

Spine Vai 1 Qbservea Units ~ Rec 3PO I
4.54 nvg/L ; 91
< 0.004 i»g/L

I 1.85
< 0.004

4.83
< 0.004

mg/L
mg/L

mg/t
mg/L

0.0210 tmg/L

92

97

105

NICKEL ICP SW846-6010
Analyet : M. JAO Analysis Date: 01 -MAT-91 Instrument: ICP Teat: M1Z2.3.0
Reviewer: S. ENDERSEK Review Dat»: 02-MAY-91 File ID: Run: R1I983S
. Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-3005

OC Type
i/01

Identifier! source
0239254

V01 0239259
OPS02
"MOZ

L01

3231974
3231973
0239Z79

CCV Q239277

UP 1083
UP 1083
A228372
A228372
NA
INORGANIC

SLAQ1 0239276 i NA

3

-A02
SAMPLE

/

(01
CDL01

0231971 (NA
0231972
A228370
Q239275
QZ39274
0239270

NA

1NORGAJJIC

NA

NA

Parameter
NICKEL
NICKEL
NICKEL

NICKEL
NICKEL
NICKEL
NICKEL

NICKEL
NICKEL
See Cert i f icate of Analysis
NICKEL
NICKEL
NICKEL

True/ same I
0.400
0.400

Spike Val

0 0.500
0 3.500
a. 0200 ;
5.00

S.OO

5.00

Observed ' Units
0.419
0.408
0.468
0.457
0.0229

mg/L
mg/L
mg/L
mg/L
mg/L

4.50 | mg/L
< 0.004
4.62

' < 0.004

i

0.0200 !

4,79
< 0.004
0.0199

rag/L
mg/L
mg/L

^w/1
rag/L
mg/L

% Rec
105
102
94
91
115
90

92

96

99

RPD

3

SILVER ICP SW846-6010
H. JAO AnakyB>ft:;:DBtei Jnstrunent: ICP

Reviewer: S. ENOEHSEM Review Date; OMWt-91 File ID:
Prep: FAA OR ICP ACID DIGESTION Of AQUEOUS: SAMPLES SW846-3005

rest: M130.3.0
Run: R11Q82S

r- ' ——— '
i Type
ICV01
! !02
• :02

Identifier
0239253
3231974

Source
WP1083
A228372

Q231973iA228372
I COL01 023925 2 | NA
Cpv
E 01
Lei

91402
S iPLE
I _'
9LA01
C 01

Q239277
0239276
Q231971
Q25197Z
A22B370
C2J9Z75
Q 2392 74
Q239271

INORGANIC
NA
NA
NA

INORGANIC
NA
NA

Pftrflfneter

SILVER
SILVER
SILVER
SILVER
SILVER
SILVER
SILVER

SILVER
See Certificate of Analysis
SILVER.
SILVER
SILVER

True/Sanpi
2.00
0
0

Spike Val

0.050
0.050

0.0200
1.00

0.500

1.00

0.0200

Observed
2.05
0.0492

Units
ma/L
mg/L

0.0479 mg/L
0.0200
0.912
< 0.004
0.468
< 0.004

0.950
< 0.004
0.0208

iftfl/L
mg/L
rag/L
mg/L
mg/L

n*/L
m«/L

X Rec
10Z
98
9A
100
91

94

9*::

mg/t i .104".

RPO

2

r IRON ICP 5W846-6010
Analyst : M. JAO An*lyrfs Date: 01*Wiy'91 Inatmnent: ICP
•w!tl«M S. ENDERSEN R«vieW:D*tt> Q2-HM-9\ File ID-
.Prep: FAA OR ICP ACID- DIGESTION OF AQUEOUS SAMPLES SW846-3005

ftun: f)tt9838

;QC Type
I 31
1 01
DPS02
S"OZ.
C1 01
ccv

Identifier
0239254
0239259
0231974
Q231973
Q239279
Q239277

Source
UP 1083
UP10W
A228372
A22B37Z
NA
INORGANIC

Parameter
IRON
IRON
IRON
IkO*
IRON
IRON

TriM/Sa«pl
0.400
Q.400
0
0
0.0400

Spike Val

1.00
1.00

$.00 i j

Observed
0.425
0.413
0.968
0.942
0.0407
4.59

Units
mg/L
«g/t
mg/L
.W/L
mg/L
*8A--

X Rec
106
103
97
94
102
92

RPD

3
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APPENDIX B.6

EMS HERITAGE LABORATORIES, INC.

PERFORMANCE AND SYSTEMS AUDITS
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Revision 0
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Page 1 of jT,-

14.0 Performance and Systems Audits

14.1 Performance Audits

A performance audit is an independent check to evaluate the data produced by a
laboratory's analytical system, and may be categorized as a quantitative apprfljyflj y>f
quality. There are several ways that this is done:

1. Worksheet review

2. Oral worksheet review

3. On-site analyst work review

4. Independent or check sample review

5. Intra and interlaboratory check sample, or proficiency test
(performance evaluation) sample analysis review

14.1.1 Internal Performance Audits

Internal performance audit worksheet reviews are conducted by the QA
Officer and/or the QA Unit These reviews must be conducted at a frequency
necessary to assure the accuracy of either the total measurement system or its
component parts. Worksheet reviews by the QAO and/or QAU will be on-
going but will occur at a minimum frequency.of semi-annually for selected
tests. This will be in addition to (w a'"more in-depth review of aJl data </
records) the 2-5 percent frequency of data entry validation performed by the
QAU.

Internal performance audit worksheet reviews wfll consist of evaluations of all
data and related supporting documentation to assure that all required QC
checks are being made and evaluation criteria followed. Reports relating to
internal performance audit worksheet reviews are confidential and wfll be
released only upon approval from the President of EMS Heritage.

14.1.2 Performance Audit-Proficiencv Test Samples

Performance Audits at EMS Heritage also consist of analysis of independent
or commercial check samples and participation in performance evaluation
sample programs.

91GB1M&I52
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Systems audits are performed frequently at EMS Heritage by State and
Federal agencies as pan of the participation in sample analyses for

I
I

m
.

Refer to table 14.0..Performance Evaluation Sample Programs- Participation f
for the sources of reference materials used and the on-going performance I
audit participation. *

All information generated from Performance Evaluation (P.E.) sample |K
programs will be made available during systems audits or upon request Blind
samples and split samples may be submitted as deemed necessary by the QAO
or the QAU. B

14.2 Systems Audits

A systems audit is an on-site inspection and review of a laboratory's quality control
system and may be categorized as a qualitative appraisal of quality. It will cover any /\m
or all of the operational quality control elements of the quality assurance program. jp
Systems audits include but are not limited to the following:

2. Sample analysis: written SOPs and analytical methods, protocols •*
f

3. Records control

4. Documentation: bound notebooks where required; records of all p.
sample handling and analytical procedures

I
5. Preventative maintenance: adequate records, procedures. \ P

6. Proficiency testing iff

7. Personnel practices
I

8. Training p

9. Workload I

10. Instrumentation and facilities

14.2.1 External Ssten^ Audits

91GB114&U2 I
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TABLE
MATERIALS AND

PERFORMANCE EVALUATION PARTICIPATION

Source
APG
EPA-WP
EPA-WS
North Carolina-
Wastewater
State of New
York
State of New
Jersey

EPA Reference
APG
NIST
EPAQB-
Inorganics
EPAQB-
Organics

Type
Unknowns
Unknowns
Unknowns
Unknowns

Unknown

Unknown

Known
Known
Known
Unknown

Unknown

Frequency
Monthly
Semi-Annually
Semi-Annuaily
Semi-Annually

Quanerly

Semi-Annually

On-Going
On-Going
On-Going
Quarterly

Quarterly

Parameters
All
All
All
Metals, General
Chemistries
All

All

All
All

Metals

Organics

Division
All
All
All
Charlotte

Inc^&iKLfBf??

Ind7*"«f4/tr

All
All
All
IndydK*/»»/fc

Indy a+vksjtKs

111

91081148.152
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governmental organizations. In addition, many of our commercial clients
perform routine audits of EMS Heritage. Evaluation by other appropriate
outside experts is to be performed in the event that regulatory personnel are
not available. At a minfamin*, systems audits will occur annually. EMS
Heritage Laboratories will welcome any external audit from an organization
which currently or proposes to submit samples for analysis.

14.2,2 Internal Svttemi Audits

In order to verify that each laboratory division is performing according to the
standards established by EMS Heritage Laboratories, Inc., an internal audh
system has been established. Internal systems audit* will be conducted no less
frequently than annually. The auditor will be appointed by and directly
responsible to the President of the corporation.

The President may appoint for any given audit the following staff:

1. Quality Assurance Officer

2. Quality Assurance Unit

3. Outside (Contracted) Auditor

EMS Heritage also encourages the individual groups at each division to
perform a self-audit at periodic intervals to assess their overall operation.

These audits wfll be scheduled by the auditor and each laboratory director.
AD reports relating to internal systems audits will be treated as an Internal
document only; release to any outside entity win be only upon approval of the
President of EMS Heritage.

To facilitate the procedure and make it consistent from division to division, m
set of audit procedures and protocols has been developed and will be used
consistently throughout the corporation. Tbeco forms wfll be used as.a
guideline and a tool for documentation of problems and to assure that aU
important areas are covered. The forms are not an end in themselves and wfll
.be subject to change/Improvement by the QAO at his discretion in order to
facilitate and improve the auditing process. Refer to the attached Internal
Systems Audit Forms.
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14.13 Internal Systems Audits - Procedures and Protocols

Not all areas (service groups) will necessarily be audited during each visit
During each audit, at least one analytical run will be randomly selected from
the service group(s) chosen. This run will be thoroughly checked using the
audit checklist forms and any other pertinent audit questions.

Upon completion of the audit, the auditor will conduct an exit interview with
the QA Unit and the Laboratory Director and any other personnel deemed
appropriate. A copy of the completed audit forms as well as any supporting
narrative will be given to the QA Unit and the Laboratory Director at that
time or immediately upon completion. A copy of all of these materials will
also be sent to the President, Vice President of Operations, Quality Assurance
Officer and all QA Units of all EMS Divisions. This sharing of audit
information with all divisions is to provide not only a report of finding? but
will also serve to point out potential deficiencies which may exist at the
respective divisions not audited. The auditor wfll retain a copy of. the
materials to use in the next audit The QAO will confer with the President
to prioritize items for the next audit —

Generally the audit wfll consist of the auditor reviewing with the group leader
and the analyst all the steps involved in generating a run of reportable data.
It will also include an overview of the entire lab, address issues relevant to the
operation as a whole (i.e. cooler logs, log-in procedures, ove/ logs, etc.) Any
deficiencies will be noted on the forms. Deficiencies will be discussed at the
time they are noted and the auditor will explain what wfll be required to
correct this deficiency. t

CtnWlW-
Form 1 wfll always be filled 'out It addresses general laboratory pra
Form 2 wfll be fiffitt^PenJuring each audit for each service group audited.
Forms 3-5 wfll be used on a service group specific basis only.

91OB114&I52
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FORM1

DATE

LOCATION

AUDITOR

1)

2)

3)

<)

5)

6)

7)

8)

9)

10)

")

12)

13)

GENERAL INFORMATION

Does the laboratory have copies of SOPsAnetbods manuals and
QA Plan* available to all personnel?

Are training records maintained and up to date? U training by
group leader or above?

Is a Sample Custodian designated?

Are written Standard Operating Procedures (SOPs) developed
for receipt and storage of samples?

Are samples stored in such a way that their preservation is
maintained?

Are refrigerator/freezer logs maintained, checked daily and up
to date?

Are excursions in cooler temperature noted and appropriate
actions taken as required?

Are volatile* stored separately from semi-vols?

Does someone responsible review and initial the sample log and
log sheets daily?

Are contamination free areas provided for trace level analytical
work?

Does the facility appear clean and safe?

Are toxics handled in fume hoods? Are fume hoods checked
& documented quarterly?

Are the tozk chemical handling areas either a stainless steel
bench or an impervious material covered with absorbent
material?

YES NO COMMENTS

910B114&153
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14)

15)

Is there documented "trace-free" water available for preparing
standards and blank*?

Is the conductivity of "trace-free* water routinely checked and
recorded?

16) Is (Are) the analytical balance(s) correctfy located (free from
drafts and rapid temperature changes) and checked semi-
annuaUy by a certified technician and documented?

17) Are the balances checked with das* S weights and documented
at least weekly?

18) Are solvent storage cabinets properly vented in order to prevent
possible laboratory contamination?

19) Are reagent grade (or higher purity) chemicals used to prepare
standards and reagents?

20) Are reagents dated upon receipt and upon opening? Is First-in,
First-out method used?

21) Are reagents standardized before use?

22) Generally, are reference materials properly labeled with
concentrations, preparation date, solvent, preservative
expiration date and name of person preparing?

23) Are spike/calibration stock standards preparation and tracking
Jogbook(i) maintained?

24) Are the primary standards approved by the EMS QAP?

25) Are bench sheets filed so that they are readily accessible?

26) Are standards and samples (& extracts) stored separately?

27) Are samples checked for proper preservation upon arrival? la
this noted within LJMS?

28) Are logs maintained for all ovens and incubators?

29) Is an NBS thermometer available?

YES NO COMMENTS

J__I

J__I

T—T

91OB1148.153
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30) Are copies of EPA • PEs and others such as APG oa file?

31) Is the distilled/deioiiued water system functioning properly?
Is it checked daily and noted in a logbook?

32) Are samples requiringchain of custody documentation properly
checked before signing chain of custody papers?

33) What is done with lab waste?

34) Are chemical waste disposal potities/procedures adequate?

35) Are blind samples introduced into the lab by the QAO?

36) Are corrections on bench sheets, lab books, etc. made in such
a way that initial entries are legible?

37) Are such corrections initialed and dated?

J-___I

J___I

J___I

I I

91CB1148.153
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FORM 2

DATE

SERVICE GROUP

LOCATION ___

AUDITOR

ANALYST

YES NO COMMENTS

1) Are methods manuals & QAP"s available to the analysts?

2) Is the SOP for glassware washing posted at the cleaning
stations?

3) Are the types and number! of required Blanks being checked?

Bla 01?
Bla 02?
Cal 00?

4) Are blank data logged to the QA sheet and transferred to
LJMS?

4a) Docs blank data appear to be "in ooatrof?

4b) Do original instrument outputs agree with what was reported?

5) Are calibration curves maintained for all anah/tes?

6) Are calibrations verified (I point) or performed (5 points) prior
to the analysis of samples CAL01 + CALOO?
Comment- _______________________

7) Is an EPA, NIST or other approved external reference used to
check and verify concentrations of CAL standards and is the
result recorded on the QA sheet?

7a) Are the results recorded in LIMS?

8) Do the analysts record bench data in a neat and accurate
manner?

91GB114&153
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8a) Is all quality assurance data correctly transferred
from the Bench/QA sheets into UMS?

9)

9.)

10)

12)

14)

16)

17)

18)

Is a calibration verification performed at the
correct frequency?

Documented to LIMS7

Is a prepped performance check (LCS) analyzed once
per run or as required by the QAP? (e| one per set
of 10)

Is a prepped sample spike (SP102) analyzed with each run or as
required by the QAP? (eg one per set of 10)

Is a prepped sample replicate analyzed (or a duplicate spike?)
at the appropriate frequency according to the QAP? (eg one
per set of 10)

If any problems occur, has corrective action been taken and
documented?

Comments: ____________________

Is a calibration verification solution analyzed at the end of each
run?

Is the method of internal standards used for GC/MS?

List internal standards used for VOA. (Attach copy of report)

Are these correct for the method?

List internal standards used for SVGA's, (attach copy of report)

Are these correct for the method?

Are surrogates property analyzed aad reported?
Are surrogates within CLP acceptance ranges?

YES NO COMMENTS

J___I

J___I

J———I

91GB1148.I33
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19) Are standard recoveries correctly calculated?
Are spike recoveries correctly calculated?
Are duplicate recoveries correctly calculated?
Are they aO documented in LIMS?

20) Does a manual recalculation agree with concentrations
otherwise calculated and/or reported? (i« verify electronic
integrator performing and correct peaks were chosen for GC,
GOMS)

21) For OG/MS, we unknowns (non-target compounds) correctly
searched in the NBS library and documented as present with an
estimated concentration?

22) For ICP, are interekment interferencecheck solutions property
analyzed and documented prior to each run?

23) Have detection limits been empirically determined according to
40CFR136 for the analytes determined?

24) Are standards correctly Labelled?
Logged ft documented?

25) Are instrument operating manuals readily available?

26) Are data acceptance criteria developed and used for Blanks?
Duplicates?
Verification standards?
Spikes?

27) Are instrument maintenance logs in place and maintained?

28) Is the mercury analyzer operational and wen maintained (i.e.
properly vented)?

29) b preventive maintenance applied and documented?

30) Are data calculations spot-checked by a second person?
Does this person initial these checked calculations?

YES NO COMMENTS

J___I

J___I

T—r

j_i
j_i

91O»1148J53
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31) Do supervisory personnel review bench sheets and initial them?

32) Do records indicate that corrective action was taken as
necessary?

33) Has a cooperative attitude been displayed?

34) Has corrective action indicated during previous visits been
implemented?

35) Are extractions/digestion performed within holding times?

36) Are analyses performed within holding times?

37) Are sample preparation methods correct?

38) Is a background corrector properly used? (AA, GFAA, ICP)

39) Is an approved methodology used for the runs being examined?

40) Have acceptance criteria for start-up QC been met?

41) Do instrument outputs (strip charts, pdnt-outs, bench sheets,
etc.) agree with what is in the final report?

42) Are labs data validation procedures adequate?

43) Based upon Wank, standard, spike and duplicate data, are goals
of data accuracy and precision being met?

44) Is the method of standard additions being used correctly for
HG A analyses?

45) Is analytical sensitivity adequate?

46) Are instrument guidelines and/or acceptance criteria used at the
bench and at data review which determine the acceptability and
reportabOityof data?

47) Are Blanks carried through entire process?

48) Are dericcants changed and documented?

91GV114&I53
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49} Are TOC, TOX and BTU instnunent toff cnrrent?

50) Are normalities of titrants routinely checked?

51) Are sufficient cyanide distillation apparatvs available to
routinely analyze all samples within the required holding
period?

YES NO COMMENTS
J___I

91GB1144.153
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FOKM3

LAB ._

DATE

AUDITOR

METALS GROUPS

Are samples for mercury analysis collected in glass and preserved with
and Permanganate?

1)

2) Are mercury determinations performed within 28 days of sample
collection?

3) Are proper sample digestion techniques used aad documented?

4) Is background correction used
a) For all HGA work?
b) As required for flame AA work?

5) Are correct matrix modifiers used for HGA?

6) b an ionization suppressor used as needed for flame AA?

7) For ICP are interelement corrections checked?

S) Do prep sets of 10 include proper QA and acceptance criteria?

9) Are wavelengths used recorded on bench sheets?

10) Are Oame/furnace/lCP programs adequate?
a) Integration times adequate?
b) Furnace temperature programs correct?
c) Sample aliquot or deposition times adequate?

1 1) Are sensitivity guidelines available at instruments?

YES NO COMMENTS
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FORM 4

LAB

DATE

AUDITOR

GAS CHROMATOGRAPHY

1) Are samples collected in amber glass bottle with tefloa-lined
lids?

2) Are samples kept at 4*C

3) Are samples extracted within 7 days?

3») Analyzed within 40 days?

4) Are standards properly documented?

5) Are standards prepared fresh regularly?

6) Is there a well maintained log, documenting stability of all
detectors?

7) Are Arochlor 1221 and 1232 standards run at the proper
frequency and the data maintained for on-site inspection?

YES NO COMMENTS

91GB1148.I53
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FOKM5

LAB

DATE

AUDITOR

GC/MS

1) Are samples extracted and/tor analyzed within ail required
holding times?

2) Are control limits established aad used for CCC and SPCC
samples?

3) Is QA data property transferred to LIMS?

4) Are Blanks, Spikes and Standards analyzed at the appropriate
frequency?

5) Is Spike/spike duplicate data being generated?

6) Are surrogates properly analyzed with all samples?

7) Are surrogate results tabulated?

8) Are both 5 and 25 ml purge vessels available and properly
used?

9} Are correct internal standards being used?

10) Is data reviewed prior to issuing final report?

11) Has QAO reviewed 2-5% of the runs?

12) Are reviewed bench sheets initialed?

13) Are all tuning criteria met?

14) Is the trap for the purge and trap filled with the proper
adsorbent?

9tGVH48.I33
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15) Is raw data being archived and documented
properly (i.e magnetic tape)?

16) b a split/splitless capillary injector in place?

YES NO COMMENTS

91GB Jl 48.133
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Laboratory Quality Assurance Plan

This document provides the laboratory portion of the
response to EPA's "Interim Guidelines and Specifications
for Preparing Quality Assurance Project Plans"
QAMS-005/80, Sections 5.1 - 5.16 as revised December 29,
1980.

As much as possible, the procedures in this document have
been standardized to make them applicable to all types of
environmental monitoring and measurement projects.
However, under certain site specific conditions, all of
the procedures discussed in this document may not be
appropriate. In such cases it will be necessary to adapt
the procedures to the specific conditions of the
investigation.

Director of Quality Assurance
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3. Project Description

Tests will be performed according to the analytical
methodology set forth in Section 9. These OSHA and NIOSH
references provide specific analytical procedures to be
used and define the specific application of these
procedures. The soil vapor samples will be analyzed for
selected Volatile Organic Compounds and Phenol. Proven
instruments and techniques will be used to identify and
measure the concentrations of all analytes. The
laboratory will employ state-of-the-art procedures to
perform all organic analyses, including all necessary
preparation for analysis. The client is responsible for
providing specifics on the project site.
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Project Organization

The objectives of the laboratory Quality Assurance Program
are to establish procedures which will ensure that data
generated in the laboratory are within acceptable limits
of accuracy and precision, to ensure that quality control
measures are being carried out, and to ensure
accountability of the data through sample and data
management procedures. To this end, a Quality Assurance
Department has been established. The Director of Quality
Assurance reports directly to the President of the
Laboratory and has no direct responsibilities for data
production, thus avoiding any conflict of interest.

The attached organizational charts show the key personnel
in both Corporate Services and the Environmental Sciences
Division. Resumes of key individuals may be found in the
enclosed Qualification Manual.

The Sample Administration Group will be responsible for
receiving samples, signing the external chain-of-custody,
checking sample condition, assigning unique laboratory
sample identification numbers, assigning storage
locations, checking and adjusting preservation, and
homogenizing the sample as needed.

Group Leaders listed in each technical area are
responsible for performing laboratory analyses, quality
control as specified in the methods, instrument
calibration, and technical data review. Data is reported
using a computerized sample management system, which
tracks sample progress through the laboratory and
generates client reports when all analyses are complete.
Quality control data is entered onto the same system for
purposes of charting and monitoring data quality.
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The Quality Assurance Department is responsible for
reviewing quality control data, conducting audits in the
laboratory and reporting findings to management,
maintaining current copies of all analytical methods,
maintaining copies of computer code used to calculate and
report results, submitting blind samples to the laboratory
and ensuring that appropriate corrective action is taken
when quality problems are observed.

Data package deliverables are available upon request. The
Quality Assurance Department reviews the contents of the
deliverables for completeness and to be sure that all
quality control checks were performed and met
specifications. This step includes review of holding
times, calibrations, instrument tuning, blank results,
duplicate results, matrix spike results, and surrogate
results. Every attempt to meet specifications will be
made and any item outside of the specifications will be
noted in the narrative. The laboratory will not validate
data with regard to useability since this generally
requires specific knowledge about the site.
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5. QA Objectives For Measurement Data

Quality Assurance is the overall program for assuring
reliability of monitoring and measurement data. Quality
control is the routine application of procedures for
obtaining set standards of performance in the monitoring
and measurement process. Data quality requirements are
based on the intended use of the data, the measurement
process, and the availability of resources. The quality
of all data generated and processed during this
.investigation will be assessed for Precision, Accuracy,
Representativeness, Comparability, and Completeness.

Precision - Precision is determined by measuring the
agreement among individual measurements of the same
property, under similar conditions. The laboratory
objective is to equal or exceed the precision demonstrated
for the applied analytical method on comparable samples.
The degree of agreement is expressed as the relative
percent difference (RPD%). Evaluation of the RPD% is
based on statistical evaluation of past lab data for
organic and inorganic analyses. External evaluation of
precision is accomplished by analysis of Standard
Reference Material and interlaboratory performance data.

Accuracy - Accuracy is a measure of the closeness of an
individual measurement to the true or expected value.
Analyzing a reference material of known concentration or
reanalyzing a sample which has been spiked with a known
concentration/amount is a way to determine accuracy.
Accuracy is expressed as a percent recovery (%R) .
Evaluation of the %R is based on statistical evaluation of
past lab data or guidelines within the methods for organic
and inorganic analyses.
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Representativeness - Representativeness expresses the
degree to which data accurately represents the media and
conditions being measured. The representativeness of the
data from the sampling site will depend on the sampling
procedure. Sample collection is the responsibility of the
client. Samples will be homogenized, if required, as part
of the laboratory sample preparation. By comparing the
quality control data for the samples against other data
for similar samples analyzed at the same time,
representativeness can be determined for this objective.

Comparability - Comparability conveys the confidence with
which one set of data can be compared to another. The
analytical results can be compared to other laboratories
by using traceable standards and standard methodology and
consistent reporting units. The Laboratory Quality
Assurance Program documents internal performance, and the
interlaboratory studies document performance compared to
other laboratories.

Completeness - Completeness is a measure of the quantity
of valid data acquired from a measurement process compared
to the amount that was expected to be acquired under the
measurement conditions. The completeness of an analysis
can be documented by including in the data deliverables
sufficient information to allow the data user to assess
the quality of the results. Additional information will
be stored in the laboratories archives, both hard copy and
magnetic tape. Quality Assurance Standard Operating
Procedures (SOP's) are in place to provide traceabilty of
all reported results.
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Sampling Procedures

In order for meaningful analytical data to be produced,
the samples analyzed must be representative of the system
from which they are drawn. It is the responsibility of
the client to ensure that the samples are collected
according to accepted or standard sampling methods.

Specific requirements for the collection, preservation,
and handling of Soil Vapor Samples follows:
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Preservation and Handling of Soil Vapor Samples

Air samples for the volatile organics will be collected on
coconut charcoal sorbant tubes, 150 mg charcoal per tube (SKC
part number 226-01). The tubes will be supplied by Lancaster
Laboratories, Inc. as sealed by the manufacturer. In the field
the ends will be cut off; the tubes assembled in series with a
minimum of connecting tubing between the tubes; the sampling
flow at 0.2 liters per minute; the volume of air drawn through
the tubes (approximately 10 liters); the ends capped with the
supplied plastic caps; and identified with the sampling
location, time, temperature, and volume flow rate. The tubes
will be sealed in individual plastic bags and placed a screw
top glass jar with coconut charcoal and stored and shipped
under refrigerated conditions, 4°C, and returned to the
laboratory within two days.

In the laboratory, the samples will be kept at 4°C until the
analysis is begun. The analysis must be performed within seven
days of receipt by the laboratory.

Air samples for phenol will be collected on XAD-7 sorbant
tubes, 100 mg front section + 50 mg back section (SKC part
number 226-30-12-07). The tubes will be supplied by Lancaster
Laboratories, Inc. as sealed by the manufacturer. In the field
the ends will be cut off; the sampling flow set at 0.1 liters
per minute; the volume of air drawn through the tubes
(approximately 10 liters); the ends capped with the supplied
plastic caps; and identified with the sampling location, time,
temperature, and volume flow rate. The tubes will be sealed in
individual plastic bags and placed in a screw top glass jar
with coconut charcoal and stored and shipped under refrigerated
conditions, 4°C, and returned to the laboratory within two days.

In the laboratory, the samples will be kept at 4°C until the
analysis is begun. The analysis must be performed within
fourteen days of receipt by the laboratory.
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7. Sample Custody

A member of our Sample Administration Group will act as
sample custodian for the project. To ensure
accountability of our results, a unique identification
number is assigned to each sample as soon as possible
after receipt at the laboratory. When samples requiring
preservation by either acid or base are received at the
laboratory, the pH will be measured and documented.
Samples requiring refrigeration will be stored in our
walk-in cooler which is maintained at 4°C. The use of our
computer system in tracking samples (by the LLI sample #
assignment) will control custody of the sample from
receipt until the time of its disposal. The security
system on our laboratory building allows us to designate
the entire facility as a secure area since all exterior
doors are either locked or attended. Therefore,
hand-to-hand chain of custody is not part of our routine
procedure but, is available upon request. The procedures
for sample log-in and chain-of-custody documentation are
detailed in the QA Standard Operating Procedures included
in Section No. 7 (QA102 and QA104).
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Lancaster Labmtonez____Initl.t«i p.f: 3/87____
Where quality Is a science Revised Date: 5/16/90

QUALITY ASSURANCE OPERATIONS MANUAL
STANDARD OPERATING PROCEDURE

QA-102

Title: Sample Log-in

Purpose:

In order to provide accountability of our results and to
prevent sample loss or mix-up, a unique identification number
is assigned to each sample.

Scope:

This SOP will cover the procedure used to log-in samples
received for analysis.

Procedures:

1. All samples received by laboratory personnel shall be
delivered to the Sample Administration Group
immediately upon arrival at the laboratory.

2. All client correspondence relating to samples shall
also be transferred to the Sample Administration
Group. This includes purchase orders, quotes, letters
and completed entry request forms.

3. Personnel of the Sample Administration Group shall log
the samples into the computer as soon as practical
after receipt. The computer will assign a unique
identification number to each sample. Samples shall
be logged in on the same day they are received with
the following exceptions:

a. Samples received during a holiday or between
6 p.m. on Friday and 6 p.m. on Sunday. These
samples shall be logged-in on the next normal work
day.

b. Samples submitted by clients.without any
indication of the tests to be performed or with
unclear or incomplete information. Every effort
shall be made to contact the client on the same
day as sample receipt.

If same day entry is not possible, any special storage
requirements (e.g., refrigeration) should be observed.

2425 New Holland Pike. Lancas:er. PA 17601-5994 / 717-656-2301
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4. Upon assignment of a sample number, the computer will
generate a label which shall be attached to the sample
container. The information on the label will include
the LLI sample number, the client name, the storage
location, a list of analyses requested (by analytical
method number), a bottle code indicating container and
preservative type, and a unique bar code.

5. Addition of preservatives to unpreserved samples will
be the responsiblity of the Sample Administration
Group. Preservation should be performed immediately
after log-in. A list of preservatives required for
routine analyses may be found in the Fee Schedule.

6. All entries in preservation notebooks and on client
paperwork shall be made in ink. The error correction
procedure given in SOP-QA-109 shall be followed for
any changes made in this documentation.

7. After samples are logged-in (or preserved, if
required) they shall be stored in the computer-
assigned location. If the computer-assigned location
is inappropriate for the samples, the location code
may be changed by manually overriding the computer.

QA102
SOP QA

Prepared by: t ________ Date"^-* =—— : S/3//9O—— ~-

Approved by: 7 Date:
7

Read and understood by: _______________ Date:
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Lancaster Laboratories______________________
Where quality is a science.

Initiated Date: 3/87
Revised Date: 9/28/90

QUALITY ASSURANCE OPERATIONS MANUAL
STANDARD OPERATING PROCEDURE

QA-104

Title: Chain-of-Custody Documentation

Purpose:

In order to demonstrate reliability of data which may be used
as evidence in a legal case or required by a regulatory agency,
an accurate written record tracing the possession of the sample
from its receipt at the laboratory to the time of its disposal
must be maintained.

Scope:

Procedures for initiating and maintaining chain-of-custody
documentation are described in this document.

Definition:

A sample is in custody if it is in any one of the following
states:

1. In actual physical possession.

2. In view after being in physical possession.

3. In physical possession and locked up so that no one
can tamper with it.

4. In a secured area, restricted to authorized personnel.

Procedures:

1. Chain-of-custody documentation shall be kept upon
request of the client or for any samples which are
known to be involved in a legal dispute. As with all
analytical data, it is extremely important that
documentation be filled out completely and accurately
with every transfer. If changes to the form need to
be made, the error correction procedure given in
SOP-QA-109 shall be followed.

Lancaster Laboratories, bx. • 2425 New Holland Pte. Lancaster. BM7601-5994 • 717-656-2301 • Fax:717-656-2681
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2. If requested by the client, the chain-of-custody
documentation will begin with the preparation of
bottles. A form (see Attachment 1) will be initiated
by the person packing the sample bottles for shipment
to the client. If the delivery of bottles is via our
Transportation Department, the driver shall sign the
form when relinquishing the bottles. Drivers must
also sign chain-of-custody forms when picking up
samples which require such documentation.

3. When samples arrive at the laboratory, a member of the
Sample Administration Group will receive them and sign
the chain-of-custody form, if one is provided with
samples. If the sample was picked up by our
Transportation Department, the driver must sign to
indicate relinquishing the sample.

4. Samples will be logged into the computer as described
in QA-102. Sample Administration personnel shall
indicate locked storage, enter a lab note to inform
analysts of the need for chain-of-custody
documentation, and enter the analysis number for
"laboratory chain-of-custody".

5. Sample Administration personnel shall initiate a
"Laboratory Chain-of-Custody" form (Attachment 2) for
each type of container in the sample, and relinquish
the samples to a sample custodian or designated key
holder, who will store the sample in the assigned
locked location. At this point, external
chain-of-custody forms will be filed with the Accounts
Receivable Department to be returned with the invoice,
and the internal forms will accompany the samples.

6. Sample handling should be kept to a minimum. Analysts
requiring use of a sample will requisition it through
the computer requisition program. During the hours
where sample support is manned by sample custodians,
the custodian will receive the computerized
requisition, remove the sample from storage and sign
the "released by" column to indicate the sample has
been relinquished. The analyst shall sign the
"received by" column and note the reason for change of
custody before taking the samples to their work area.
It will be a shared responsibility of technicians and
sample custodians to ensure that forms are signed with
each transfer.
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All changes of custody must be documented on the
form. The following changes of custody shall be
handled as follows:

a. Signatures involving transfers from one shift to
another shall be the responsibility of the
technician who originally acquired the sample from
sample support. When samples are then returned to
storage, the person returning the samples shall be
responsible to sign the "released by" column, and
to ensure that samples were properly received by
the custodian with his/her signature in the
"received by" column.

b. Occasionally a sample will be needed for analysis
by a technician in a department while it has been
signed out to a technician in another department.
It will be the responsibility of the first
technician who received the sample to see that the
second technician needing the sample signs for
receipt and return of the sample to them.

c. Weekend work hours do not always have a sample
custodian available. During these times the
Lancaster Labs security personnel function as key
holders to the storage, areas. Technicians
requiring use of samples over these times must
obtain signatures from security personnel, in
place of regular sample custodians. It may be
necessary to page the security staff on weekends
to acquire their signatures and assistance.

d. Some samples are released by sample support and
stored temporarily in other areas of the
laboratory e.g. GC/MS Volatiles. During this time
they may be worked on by several people in that
department. Each of these people must sign for
change of custody. These samples when completed
are then returned to sample support. It will be
the responsibility of the department who held
temporary storage to see that all necessary
signatures are on the chain of custody form before
returning samples and forms, at the same time, to
sample support. It is also important to return
these sample groups as soon as possible after
verification of data, because the chains may be
required for data packages.
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7. Analysts in possession of samples shall remove the
aliquot required for analysis and return the sample to
storage as described in #8 below with a minimum of
delay. During the time of possession, samples must
remain in the analyst's view or be locked-up. If
additional containers of the sample are created (e.g.,
an extract container from preparation for organic
analysis), an additional form marked with the
container type shall be created to accompany the new
container.

8. After analysis, samples shall be relinquished to a key
holder or sample custodian who will return the samples
to locked storage. The forms which remain with the
samples shall be signed again to indicate storage, and
the sample custodian shall review the forms to ensure
that all transfers are completely documented. Sample
custodians shall not return a sample to its storage
location without signing an accompanying chain.

9. After completion of analysis, these forms are given to
the Data Package Group for inclusion in extended
reports.

QA104
SOP QA

Prepared by: -f/f/p_________ Date:

Approved by: (&C&4&?\^C-c,____________ Date:
/

Read and understood by: _______________ Date
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8. Calibration Procedures

Procedures for initial calibration and continuing
calibration verification are in place for all instruments
within the laboratory. The calibrations generally involve
checking instrument response to standards for each target
compound to be analyzed. The source and accuracy of
standards used for this purpose are integral to obtaining
the best quality data. The standards are purchased from
commercial supply houses either as neat compounds or as
solutions with certified concentrations. The accuracy of
these purchased standards is checked by comparing to
solutions obtained from USEPA, when available. Most
solutions and all neat materials require subsequent
dilution to an appropriate working range. All dilutions
performed are documented and the resulting solution is
checked by obtaining the instrument response of the new
solution and comparing with the response to the solution
currently in use. Any discrepancies between the responses
are investigated and resolved before the new solution is
used. Each standard is assigned a code which allows
traceability to the original components. The standard
container is marked with the code, date prepared and the
initials of the preparer. Shelf-life for standards are
included in the calibration procedures and new standards
are prepared before the expiration date.
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Each instrument is calibrated with a given frequency using
one or more concentrations of the standard solution. As
analysis proceeds, the calibration is checked for any
change in instrument response. If the calibration check
verifies the initial response, the analysis proceeds. If
the calibration check indicates that a significant change
in instrument response has occurred, then a new
calibration is initiated. If necessary, maintenance may
be performed prior to the recalibration.

Calibration records are usually kept in the form of raw
data with the other instrument print-outs. In cases where
no data system is used, calibration data is manually
recorded in notebooks. Any maintenance or repair is also
recorded in a notebook. The information recorded either
in the notebooks or on the instrument print-out includes
the date, employee name and/or identification number, and
concentration or code number of standard.

The frequency of calibration and calibration verification,
number of concentrations used, and acceptance criteria for
each of the instruments to be used are listed on Table 8-1.
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Instrunent Frequency

Gas Chrcmatograph Each Batch
(Volatiles)

Initial Calibration

* of Standard
Concentrations Acceptance Criteria

RSO < 25%

Frequency

Every 10
Samples

Continuing Calibration Verification

n of Standard
Concentrations

1

Acceptance Criteria

X D < 15X

HPLC
(Phenol)

Each Run Correlation Coefficient > 0.995 Every 4
Samples

Calib. results will be
averaged. Correlation
coefficient for linear least
squares fit >0.995
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9. Analytical Procedures

The analytical procedures to be used for Volatile
Organic Compounds listed in Table 9-1 are those
described in NIOSH methods 1500 and 1003 (modified).
Phenol will be determined according to OSHA method 32.
Copies of these method are included in Section 9.

Volatiles - This method determines the concentration
of volatile organic compounds in air. This method
involves collection of the vapor sample onto charcoal
tubes, desorption with carbon disulfide, and
subsequent analysis by gas chromatography.

Phenol - This method is applicable to the analysis of
phenol in air. The method involves collection of the
vapor sample onto a sorbant tube, desorption with
methanol, and subsequent analysis by high performance
liquid chromatography (HPLC).
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Table 9-1

Estimated detection limit for soil vapor study *

Analyte
LQQ***

Acetone
Chlorobenzene
Chloroform
1,1-Dichloroethane
1,1-Dichloroethylene
Ethyl Benzene
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Methylene Chloride
Tetrachloroethylene
Toluene
1.1.1-Trichloroethane
1.1.2-Trichloroethane
Trichloroethylene
Xylenes (all isomers)

Phenol

Estimated LOQ**

ppm (v/v)

0.35
0.29
0.46
0.32
0.30
0.13
0.30
0.22
0.63
0.61
0.21
0.40
0.40
0.45
0.20

0.20

Required

ppm (v/v)

254
100 #
496
3.4

515
42
139
233
22.4
16.8

36556
2819

1.1
71.5

4794

1.4

* Assumes a 10 liter sample volume and two 150mg
charcoal tubes or one 100 mg/50 mg XAD-7 tube used for
sampling.

** Based on 10 times the MDL.

*** Based on the concentrations of soil vapor at
equilibrium with acceptable soil concentrations.

* No specific concentration is listed for
Chlorobenzene.
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Selected Organic Compounds on Charcoal Tube
for ECC Site - Soil Vapor Analysis

References:
NIOSH Methods 1003, 1005, 1015, 1022, 1300, 1500
(Third Edition) and P&CAM 127 (Second Edition).

Principle:

Organic vapors in soil gas are collected on charcoal tubes by
passing the gas through the charcoal tubes at a controlled
rate for a specified period of time. The volatile organic
compounds are removed from tube by desorbing the tube with
carbon disulfide and analyzing the solvent by gas
chromatography. Knowing the exact volume of soil gas passed
through the tube and the mass of the organic compound sorbed
on the tube, the concentration of the compound in the soil
gas can be calculated.

Scope:

This method is applicable to the analysis of volatile organic
compounds sorbed on charcoal tubes. Two charcoal tubes, each
containing 150 mg of charcoal, will be analyzed for each
vapor collection sample. The list of the specific compounds
follows. The methods listed above are the NIOSH methods
which include this list of analytes. The sampling and
analysis conditions are the same for the NIOSH methods, so
for the purposes of this analysis, the analytes will all be
determined using the same analytical method.

Analytes;

Acetone
Chlorobenzene
Chloroform
1,1-Dichloroethane
1,1-Dichloroethylene (Vinylidene chloride)
Ethyl Benzene
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Methylene Chloride (Dichloromethane)
Tetrachloroethylene (Perchloroethylene)
Toluene
1.1.1-Trichloroethane (Methyl Chloroform)
1.1.2-Trichloroethane
Trichloroethylene
Xylenes (ortho, meta, and para isomers)
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Apparatus and Reagents:

1. Hewlett-Packard 5890 series Gas Chromatograph with FID
detection (or equivalent). The instrument must be configured
with capillary column capability. Dual auto samplers and
detectors may be used to allow for dual column operations.
The gas chromatographic system will be equipped with an
integrator/data system which allows for calibration of the
instrument and quantification of the chromatograms using
external standards.

2. Fused silica capillary gas chromatographic column: 30
meters long with 0.32mm internal diameter with l.Oum SPB-5
bonded phase (or equivalent).

3. Fused silica capillary gas chromatographic column: 30
meters long with 0.32mm internal diameter with l.Oum DB-WAX
bonded phase (or equivalent).

4. Carbon Disulfide: glass distilled, HPLC/Spectral grade (or
equivalent). This material has been shown to contain
benzene. A further cleanup of the solvent is required if
benzene is determined. The benzene is removed using 13X
molecular sieves. Approximately 50 grams of the molecular
sieves are added to a 2.5 liter bottle of carbon disulfide
and the bottle mixed by swirling. The materials are
equilibrated overnight. The molecular sieves are removed by
filtering the carbon disulfide. The molecular sieves are
discarded after allowing the carbon disulfide to evaporate in
a hood. The carbon disulfide is returned to the original
bottle and a second quantity of molecular sieves added. This
process is repeated a total of five times. The benzene
concentration must be below 1 ug/mL in the cleaned up
solvent.

5. Reagent grade standards for all analytes listed above.
The neat materials must have a listed purity of greater than
95%.

6. Desorption vials: 4 mL vials with screw top lids with
PTFE or other material which is impervious to carbon
disulfide.

7. Autosampler vials: 1.5 mL vials to fit autosampler on gas
chromatograph. Either a screw top or crimp closure can be
used. The septum must be PTFE lined and must not contribute
any components to the solvent blank used for the analysis.

8. Glass sampling tubes of approximately 4 to 5 cm in length
(4 mm ID x 6 mm OD) which are packed with a 100 mg from
section and a 50 mg back section of 20/40 mesh activated
coconut shell charcoal separated by a 2 mm portion of
urethane foam. A plug of silylated glass wool is placed in
front of the absorbing section and a 3 mm portion of urethane
foam is placed behind the back section of charcoal. SKC part
# 226-01 or equivalent.
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Chromatographic Conditions:

Injector temperature:
Detector temperature:
Detector Range :
Detector Attenuation:
Flow Rate (approximate)
Purge flow:
Splitter flow:
Temperature Program:

Initial
Program rate
Final

Inlet Pressure:
Injection volume:

Instrument Maintenance:

250 C
320 C

2 mL/min
3 mL/min
90 mL/min

35 C - 4 min.
9 C/min

200 C - 1 min
3.5 psi
2 uL (split)

Routine instrument maintenance will be carried out on a
regular basis, at minimum once a week. This will include
inspection and replacement of the septum, injector syringe,
and other consumable items. This routine maintenance will be
recorded in the instrument log book. Clean up, replacement
of columns and other non-routine maintenance will also be
recorded in the instrument log.

Safety Precautions:

Carbon disulfide is extremely flammable and considered toxic.
The OSHA TLV (an eight hour TWA) is 10 ppm. Both inhalation
and skin exposure should be avoided. Large quantities of the
solvent should be handled in a hood.

Many of the analytes also are inhalation hazards.
1,1-Dichloroethylene, 1,1,2-trichloroethane,
trichloroethylene, chloroform, and tetrachloroethylene have
been tentatively classified as known or suspected human or
mammalian carcinogens. The handling of the neat materials
should be performed with gloves and be in a hood.

Preparation of calibration standards:

Stock calibration standards: Weigh approximately 0.1 g for
nonchlorinated compounds and 0.3 g for chlorinated compounds
into a 10 mL volumetric containing approximately 2 mL of
carbon disulfide. The standards are prepared in the order
listed below. This order is roughly the reverse of the vapor
pressure to prevent excessive evaporation of the more
volatile compounds. After all the compounds are weighed
into the volumetric, dilute to 10 mL with carbon disulfide.
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Chlorobenzene
Tetrachloroethylene
Xylenes
Ethyl Benzene
Trichloroethylene
Toluene
1,1,2-Trichloroethane
1,1,1-Trichloroethane
Methyl Isobutyl Ketone
Methyl Ethyl Ketone
Chloroform
Acetone
Methylene Chloride
1,1-Dichloroethane
1,1-Dichloroethylene

Working calibration standards are prepared at the following
dilutions in carbon disulfide:

DF 20 0.5 mL stock diluted to 10 mL
DF 40 0.25 mL stock diluted to 10 mL
DF 100 0.1 mL stock diluted to 10 mL
DF 400 0.5 mL of DF 20 solution diluted to 10 mL
DF 2000 0.25 mL of DF 20 solution diluted to 25 mL
DF 4000 1.0 mL of DF 400 solution diluted to 10 mL

All measurement of the stock and working solutions7 volume
prior to dilution should be using pipets or syringes. After
all the analytes have been added, add carbon disulfide to
make the total volume 10 mL. After the stock and working
standards are prepared they are transferred to a glass vial
with a PTFE lined lid and stored in a freezer. The stock
standards can be stored for up to 30 days under freezer
conditions, the working standards can be stored for up to 1
week in the freezer before being replaced.

Preparation of a surrogate standard:

Weigh 0.15 g of n-butanol into a 10 mL volumetric containing
2 mL of carbon disulfide. After the neat surrogate material
is weighed into the volumetric, dilute to 10 mL with carbon
disulfide. Transfer the solution to a vial with screw cap
and PTFE lined lid. Stored in a freezer the solution is
stable for 1 week.
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Preparation of a spiking standard:

Prepare a stock spiking solution as follows: Weigh
approximately 0.1 g of each of the nonchlorinated and 0.3 g
of the chlorinated compounds into a 10 mL volumetric and
dilute to 10 mL. This produces a stock solution of 10 to 30
mg/mL. This will be a separate solution than the stock
calibration standard. The same storage conditions and times
apply as for the calibration standard.

Procedure:

1. Samples upon receipt are placed into refrigerated storage
until analysis. Analysis will occur within seven days from
receipt.

2. Intact charcoal tubes are scored with a file and broken
open at each end. The glass wool plug is removed with a fine
wire hook. The charcoal from each section of the first tube
is combined, added to a 4 mL vial and identified as the
"front". Similarly, the charcoal from the second tube in line
is combined, added to a 4 mL vial and identified as the
"back".

3. To each vial containing charcoal, carbon disulfide is
accurately transferred with a syringe. For each 100 mg/50
mg tube analyzed as one section, use three mL of carbon
disulfide for the desorption. Add the surrogate standard
solution at this point, 20 microliters for the 3.0 mL volume
of carbon disulfide. Immediately cap the vial and shake the
vial for at least 30 seconds. Desorption should be complete
after 30 to 45 minutes. The vial should be mixed by shaking
at least two times during this period. Allow the charcoal to
settle to the bottom of the vial before removing the solvent.

4. Transfer between 1.0 and 1.5 mL of the desorption solvent
from each vial used for desorption to a GC autosampler vial.
Be sure to identify the "front " and "back" sections on the
GC autosampler vials. Cap the vials immediately.

5. Prepare the working calibration standards in GC
autoinjector vials, adding approximately 1.0 mL of the
working solutions to a vial. Five levels of standards are
used (DF 20, DF 40, DF 100, DF 400, DF 2000). A DF 4000
standard is used to determine the quantification limit. A
complete set of standards are analyzed each sample batch, and
a check standard made up of the mid level (DF 100) standard
is analyzed at least once for every ten samples.
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6. Prepare two spiked tubes as described below:

A. Score intact charcoal tubes with a file and break
open at each end. Remove the glass wool plug with a
fine wire hook. The charcoal from each section of a
single tube is removed as described above, combined,
and added to a 4 mL vial.

B. To each vial containing charcoal, transfer carbon
disulfide with a syringe measuring the volume
exactly. Three mL of carbon disulfide is used for
desorption of all the carbon in the tube. Add the
surrogate standard solution at this point, 20
microliters to the 3.0 mL volume of carbon disulfide
followed by 10 uL of the spiking stock solution.

Immediately cap the vial and shake the vial for at
least 30 seconds. Desorption is complete after 30
to 45 minutes. The vial should be mixed by shaking
at least two times during this period. Allow the
charcoal to settle to the bottom of the vial before
removing the solvent.

C. Transfer between 1.0 and 1.5 mL of the solvent from
each vial used for desorption to a GC autosampler
vial. Cap the vials immediately.

7. Prepare a media blank by desorbing a sealed charcoal tube
which is from the same lot as the tubes used for the matrix
spike/matrix spike duplicate analysis. The procedure is the
same as that identified in sections 2-4. This result will be
used to calculate the recovery of analyte from the spiked
tubes.

8. Prepare a solvent blank by adding 1.5 mL of the carbon
disulfide plus 10 uL of the surrogate standard to a GC
autosampler vial. Cap the vial immediately.

9. Analyze the calibration standards, a solvent blank (with
surrogate standard added), the DF 4000 quantification limit
standard, the check standard (roughly one every 10th sample)
and the spiked tubes as described above along with the
samples for each batch of samples (up to 20 samples). A MDL
study is included in Table 3. The expected detection limit
is listed in a Table 1.

10. After the samples have been analyzed, review the
retention times for all calibration and check standards. If
the retention times are within 0.04 minutes or 0.2% of
retention time (whichever is larger), the initial retention
times can be used to identify the components. If the
retention times vary more than this amount the retention
times should be updated based on each check standard.
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The SPB-5 capillary column is used as the primary column for
all analytes except for the xylenes. The DB-Wax column is
used as the primary column for the xylenes. The primary
column is used for guantitation of the analyte, however if
interferences are present in the chromatogram, guantitation
of the analyte may be based on the confirmatory column. The
retention times for any component should match the retention
times for standards on both columns as listed above.

11. Review the chromatograms, any samples which have analyte
responses greater than the highest level standard must be
diluted and reanalyzed. These should be analyzed in the same
analytical batch if possible.

12. Calibrate the system based on the peak height of the
five levels of standards. Calculate an average response
factor based on the amount in the standards (in ug/mL) per
peak height unit. The average response factor is used to
calculate the concentration as long as the response factor
varies less than 25% from the average. If the variation is
greater than 25%, a calculation based on the response factor
of the standard which is closest to the peak height of the
analyte is required.

13. Calculate the recovery from the spiked tubes. The
recovery must be within 25% of the expected value. The
relative percent difference between the two results for the
spiked tubes must also be less than 15%.

Calculations:

The quantity of analyte per tube is calculated using the
following formula:

mg analyte/tube = [(A)xCFxDxDV/1000]

where A — sample peak height
CF = calibration factor {amount (ug/mL)/peak height}
D = dilution factor
DV = desorption volume in mL

The quantity of analyte in the vapor phase is calculated
using the following formula:

ppm (v/v) analyte = [(M/V)x(24.45/MW)x((T+273)/298)x(760/P)]

where
M = mg analyte/tube
V = volume collected in cubic meters
T = temperature in C
P = pressure in mm Hg

MW = molecular weight of the analyte
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The mg analyte per tube is the sum of the levels on both
tubes. If components are found on the back tube, calculate
the % breakthrough using this formula:

% Breakthrough = Bjng/Fmg x 100%

Where B^g = mg of analyte found on the back tube and
Fmg = mg of analyte found on the front tube.

If this is greater than 25%, the quantity reported should be
qualified on the analytical report, indicating that
breakthrough of the analyte has occurred and the %
breakthrough.

Quality Control:

Spikes: Two unopened tubes will be spiked as a spike and
spike duplicate with the compounds of interest and analyzed
with each analytical batch of 20 samples. The recovery must
be within 25% of the expected and the relative percent
difference (RPD) between the spiked tubes must be less than
15%. The spiking levels are approximately 0.1 mg
(nonchlorinated compounds) and 0.3 mg (chlorinated compounds)
per tube.

The approximate concentration in the final desorption
solution and the mass of spike added to the tube is listed
below.

Compound

Solution
Concentration

(mg/mL)

Acetone
Chlorobenzene
Chloroform
1,1-Dichloroethane
1,1-Dichloroethene
Ethyl benzene
Methyl ethyl ketone
Methyl isobutyl ketone
Methylene chloride
Tetrachloroethylene
Toluene
1.1.1-Trichloroethane
1.1.2-Trichloroethane
Trichloroethylene
Xylenes (sum of isomers)

.033

.100

.100

.100

.100

.033

.033

.033

.100

.100

.033

.100

.100

.100

.033

Spike
Added
(ing)

0.
0.
0.
0,
0,
0.
0,
0.
0,

0,
0.
0.
0,

0.3

0.1
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No data base of recovery information is available to evaluate
the recovery or RPD measurements. Replicate analysis of
spiked tubes may be performed to check for analyst error if
the spikes can be performed in the same analytical batch. If
the recovery or RPD values on the repeat spikes are outside
these windows the data will be flagged with a comment on the
analytical report.

Blanks: At least one solvent blank will be analyzed per
batch of samples. No analyte of interest may be present in
the solvent blank at a level equal to the DF 4000 standard.
If analytes are found above this level the data will be
flagged with a comment on the analytical report.

Surrogate standard: A surrogate standard, n-butanol, will be
added to each sample spike and blank at approximately 0.1
mg/mL of desorption solvent. The surrogate recovery should
be within 25% of the expected value. If problems with the
surrogate standards are noted but the spikes of tubes give
acceptable results, an alternate surrogate material may be
used.

Check standard: The mid level (DF100) standard will be used
as a check standard. This will be analyzed after every tenth
sample, at least one check standard will be analyzed per
batch. For a batch of 11 to 20 samples, two check standards
will be analyzed. This standard must be within 15 % of the
expected value. If it is not, repeat the analysis of the
check standard or a fresh supply of the standard. If that is
within the acceptance range report the new standard. If that
is still outside the acceptance range, repeat the calibration
standards and all samples since the last check standard which
was within the acceptance range. If it is not possible to
repeat the analysis the data must be flagged with a comment
on the report.
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Quality Control Samples used to assess the analyses:

Media blanks (MB)
Solvent blanks (SB)
Field blanks (FB)
Travel blanks (TB)
Spiked tube (MS)
Duplicate spiked tube (MSD)

The solvent blank is used to determine the possible
contamination of samples while in the laboratory. The
solvent blank is generated in the laboratory.

The field blank and travel blank are used to determine the
possible contamination of samples while in the field. These
blanks are generated in the field.

The media blank is used to correct the spiked tube and
duplicate spiked tube for any contaminants found in the
media. The media blank is generated in the laboratory from
the same batch of media as was used in the field.

The spiked tube and duplicate spiked tube are used to assess
the precision and accuracy of the analysis. The spiked tube
and duplicate spiked tube are generated in the laboratory.
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Limit of quantitation for coil vapor analyses

Selected VOCs on Charcoal tubest Limit of Quantitation (LOQ)

FLOWRATE:
TIME:

VOLUME:
TEMP (C):

Compound

Acetone
Chlorobenzene
Chloroform
1 , 1-Dichloroethane
1, 1-Dichloroethene
Ethyl benzene
Methyl ethyl ketone
Methyl isobutyl ketone
Methylene chloride
Tetrachloroethylene
Toluene
1,1, 1-Tr ichloroethane
1,1 , 2-Trichloroethane
Trichloroethylene
Xylenes

.2 (L/min)
50 (min)
10 (Liters)
25

LOQ
ppm

.35

.29

.46

.32

.30

.13

.30

.22

.63

.61

.21

.40

.40

.45

.20

Atm Pressure:

Desorb Vol:

LOQ
mg/m3

.82
1.36
2.24
1.28
1.18
.56
.88
.90

2.20
4.16
.78

2.20
2.16
2.42
.88

760 mmHg

3 mL

Analyte
LOQ (mg/tube)

.0082

.0136

.0224

.0128

.0118

.0056

.0088

.0090

.0220

.0416

.0078

.0220

.0216

.0242

.0088

LOQ is based on an MDL study for the analysis.

Phenol on XAD-7 tube: Limit of Quantitation (LOQ)

FLOWRATE :
TIME:

VOLUME:
TEMP (C) :

Compound

Phenol

.1 (L/min)
100 (min)
10 (Liters)
25

LOQ
ppm

.20

Atm. Pressure:

Desorb Vol:

LOQ
mg/m3

.76

760 mmHg

2 mL

Analyte
LOQ (mg/tube)

.0076

LOQ is based on an MDL study for the analysis.
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Table 2

Dynamic Rang*: Selected VOCs on charcoal tube*

Compound
Lower Limit Upper Limit Lower Limit Upper Limit
mg/tube rag/tube ppm ppm

Acetone
Chlorobenzene
Chloroform
1 , 1-Dichloroethane
1, 1-Dichloroethene
Ethyl benzene
Methyl ethyl ketone
Methyl isobutyl ketone
Methylene chloride
Tetrachloroethylene
Toluene
1,1, 1-Trichloroethane
1,1, 2-Trichloroethane
Trichloroethylene
Xylenes

.015

.045

.045

.045

.045

.015

.015

.015

.045

.045

.015

.045

.045

.045

.015

1.50
4.50
4.50
4.50
4.50
1.50
1.50
1.50
4.50
4.50
1.50
4.50
4.50
4.50
1.50

.632

.974

.925
1.112
1.135
.346
.509
.367
1.294
.663
.399
.827
.827
.840
.346

63.2
97.4
92.5
111.2
113.5
34.6
50.9
36.7
129.4
66.3
39.9
82.7
82.7
84.0
34.6

Dynamic Rang*: Phenol on ZAD-7 tube

Compound
Lower Limit Upper Limit Lower Limit Upper Limit
mg/tube mg/tube ppm ppm

Phenol .008 .76 .197 19.7

If levels greater than the upper limit for the analysis are detected, the
tube extract will be diluted to bring the concentration within the
analytical dynamic range.
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Table 3
MDL Calculation: Selected Organic! on Charcoal tubes

Analyte

Acetone
1, 1-Dichloroethylene
1, 1-Dichloroethane
Methyl Ethyl Ketone
Chloroform
1,1, 1-Trichloroethane
Carbon Tetrachloride*
Trichloroethylene
Methyl Isobutyl Ketone
Toluene
1,1, 2-Tr ichloroethane
Tetrachloroethylene
Ch lorobenzene
Ethyl benzene
p-Xylene
m-Xylene
o-Xylene

Std.
Cone . t
(ug/mL)

5.08
10.06
10.14
5.17

10.33
10.03
10.33
10.02
5.31
5.38

10.29
10.22
10.20
5.38
1.74
1.70
1.86

Reps

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

SO MDL
(n-1) (ug/tube)

.0742

.1059

.1146

.0791

.2007

.1993

.2480

.3080

.0815

.0704

.1940

.3746

.1227

.0501

.0573

.0484

.0782

.413

.589

.638

.440
1.117
1.109
1.380
1.714
.453
.392

1.080
2.084
.683
.279
.319
.269
.435

PQL
(ug/tube)

4.1
5.9
6.4
4.4

11.2
11.1
13.8
17.1
4.5
3.9

10.8
20.8
6.8
2.8
3.2
2.7
4.4

* Carbon Tetrachloride studied rather than methylene chloride.
The MDL for these two compounds is similar.
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Analysis of Phenol on XAD-7 Tube
for ECC Site - Soil Vapor Analysis

References:

OSHA Method 32

Principle:

Organic vapors in soil gas are collected on XAD-7 tubes by
passing the gas through the tubes at a controlled rate for a
specified period of time. Phenol is removed from tube by
desorbing the tube with methanol and analyzing the solvent by
high performance liquid chromatography using a ultraviolet
(UV) detector at 218 nm. Knowing the exact volume of soil
gas passed through the tube and the mass of the organic
compound sorbed on the tube, the concentration of the
compound in the soil gas can be calculated.

Scope:

This method is applicable to the analysis of phenol sorbed on
XAD-7. One 100 mg/50 mg XAD-7 tube will be analyzed for each
vapor collection sample.

Apparatus and Reagents:

1. A Shimadzu high performance liquid chromatograph (HPLC)
equipped with a sample injector, reverse-phase HPLC column
(see item 2), variable wavelength detector, integrator/data
system. The data system allows for calibration of the
instrument and quantification of the chromatograms using
external standards.

2. Reverse phase stainless steel column (25 cm long X 4.6 mm
ID), HPLC column packed with Whatman 5 ODS 3 packing material
(or equivalent).

3. HPLC grade methanol.

4. Deionized water.

5. Reagent grade phosphoric acid (H3PO4).

6. Reagent grade standard of phenol from Chem Service or
other supplier which indicates the purity.

7. Glass sampling tubes of approximately 4 to 5 cm in length
(4mm ID x 6mm OD) which are packed with 100 mg front section,
and a 50 mg back section of 15/50 mesh XAD-7 resin. Small
silanized glass wool plugs are placed in the ends and in the
middle between the sections of resin. SKC part number 226-
30-12-07 or equivalent.
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Chromatographic Conditions:

Injector volume: 25 uL
Detector wavelength: 218 run
Mobile Phase: 59/41 (v/v) methanol/water

mixture with 0.1% H3PO4.
Flow Rate: 1 mL/min.

Instrument Maintenance:

Routine instrument maintenance will be carried out on a
regular basis, as described in SOP MC-FC-009.

Safety Precautions:

Methanol is flammable and must be handled with care. Skin
exposure should be avoided. Large quantities of the solvent
should be handled in a hood.

Preparation of calibration standards:

Stock calibration standards: Weigh approximately 0.12 g of
phenol into a 25 mL volumetric and dilute to volume with
methanol. Working calibration standards are prepared at the
following dilutions in methanol:

DF 200 1.0 mL stock diluted to 200 mL (24 ug/L)
DF 100 1.0 mL stock diluted to 100 mL (48 ug/L)
DF 50 1.0 mL stock diluted to 50 mL (96 ug/L)
DF 20 1.0 mL stock diluted to 25 mL (192 ug/L)
DF 12.5 2.0 mL stock diluted to 25 mL (384 ug/L)

A quantification limit standard (DF 10000) will be prepared
by diluting 1 mL of the DF 100 standard into 100 mL with
methanol. All measurement of the of the stock and working
solutions' volume prior to dilution should be using pipettes.
Transfer the standard solutions in brown bottles with Teflon-
lined caps for storage in the refrigerator for 15 days.
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Calibration:

The standards listed above will be injected at a minimum in
duplicate throughout the analytical run. A standard will be
injected at least after every fourth sample injection. A
linear least squares fit of the calibration standards data
will be used to calibrate the chromatographic system. The
correlation coefficient must be greater than or equal to
0.995. The samples will be calculated with the new
calibration to determine the phenol concentration. The
percent difference in response between two standard
injections of the same standard concentration should be
< 10%. The RSD between three or more standard injections of
the same standard concentration should be < 5%.

Preparation of a spiking standard:

Stock spiking solution: Weigh approximately 0.12 g of phenol
into a 25 mL volumetric and dilute to volume with methanol.
This solution is approximately 4.8 mg/mL. This will be a
separate solution than the stock calibration standard. The
same storage conditions and times apply as for the
calibration standard.

Procedure:

1. Samples upon receipt are placed into refrigerated storage
until analysis. Analysis will occur within forteen days from
receipt.

2. Transfer the front glass wool and sorbent section of the
sampling tube to a 4-mL vial. Label as front section. Place
the remaining backup section including both glass wool plugs
into a separate 4-mL vial. Label as back section.

3. Add 2 mL of methanol to each vial. Immediately cap the
vial, and shake it on a mechanical shaker for 15 minutes.

4. Transfer between 1.0 and 1.5 mL of the desorption solvent
from each vial used for desorption to a HPLC autosampler
vial. Be sure to identify the "front " and "back" sections on
the HPLC autosampler vials. Cap the vials immediately.

5. Transfer the working calibration standards in HPLC
autosampler vials. Five levels of standards are used.
Two vials of each standard (at a minimum) are injected with
each batch. A standard is injected at least after every
fourth sample injection.
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6. Prepare two spiked tubes as described below:

Add a 4 uL aliquot of the spiking stock to each of two clean
XAD-7 sampling tubes. This results in a spike level of
approximately 19 ug of phenol or 9.6 ug/mL in the desorption
solvent. Desorb the spiked samples starting with step 2 of
the analytical procedure.

7. Prepare a media blank by desorbing a XAD-7 sampling tube
which is from the same lot as the tubes used for the matrix
spike/matrix spike duplicate analysis. The procedure is the
same as that identified in sections 2-4. This result will be
used to calculate the recovery of analyte from the spiked
tubes.

8. Prepare a solvent blank by adding 1.5 mL of the methanol
to an HPLC autosampler vial. Cap the vial immediately.

9. Analyze the calibration standards, a solvent blank, the
OF 10000 quantification limit standard, and the spiked tubes
as described above along with the samples for each batch of
samples (up to 20 samples).

10. Review the chromatograms, any samples which have analyte
responses greater than the highest level standard must be
diluted and reanalyzed. These should be analyzed in the same
analytical batch if possible.

11. Calibrate the system based on the peak responses of the
five levels of standards. Perform a linear least squares fit
of the standards data to determine a line to calibrate the
chromatographic system. The correlation coefficient must be
greater than or equal to 0.995. The samples will be
calculated with the new calibration to determine the phenol
concentration.

12. Calculate the recovery from the spiked tubes. The
recovery must be within 25% of the expected value. The
relative percent difference between the two results for the
spiked tubes must also be less than 15%.

Calculations:

The quantity of analyte per tube is calculated using the
least squares fit of the standards data as performed on the
Shimadzu integrator. The mg/tube result of
the sample is calculated by the integrator following the
linear equation of:

y = Ax + B

(The volume used for desorbing the tube is entered into
integrator by the use of dilution factor.)
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The quantity of analyte in the vapor phase is calculated
using the following formula:

ppm (v/v) analyte = [(M/V)x22.45x((T+273)/298)x(760/P)]
94.11

where M = mg analyte/tube
V = volume collected in cubic meter
T = temperature in c
P = pressure in mm Hg

94.11 = MW of Phenol

The mg analyte per tube is the sum of the levels in both
sections of the tube. If components are found on the back
section, calculate the % breakthrough using this formula:

% Breakthrough = Bmg/Fmg x 100%

Where Bm_ = mg of analyte found on the back section
Fmg = mg of analyte found on the front section.

If this is greater than 25%, the quantity reported should be
qualified on the analytical report, indicating that
breakthrough of the analyte has occurred and the %
breakthrough.

Quality Control:

Spikes: Two unopened tubes will be spiked with a 4 uL
aliquot of the stock spiking solution and analyzed with each
analytical batch of 20 samples. The recovery must be within
25% of the expected and the relative percent difference (RPD)
must be less than 15%. The spiking level is approximately 19
ug per tube or 9.6 ug/mL in the desorption solvent. No data
base of recovery information is available to evaluate the
recovery or RPD measurements. Replicate analysis of spiked
tubes may be performed to check for analyst error if the
spikes can be performed in the same analytical batch. If the
recovery or RPD values on the repeat spikes are outside these
windows the data will be flagged with a comment on the
analytical report.

Blanks: At least one solvent blank will be analyzed per
batch of samples. No analyte of interest may be present in
the solvent blank at a level equal to or above the DF 10000
standard. If analytes are found above this level the data
will be flagged with a comment on the analytical report.
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10. Data Reduction, Validation and Reporting

Raw analytical data generated in the laboratories is
collected on printouts from the instruments and associated
data system or manually in bound notebooks. Analysts
review data as it is generated to determine that the
instruments are performing within specifications. This
review includes calibration checks, surrogate recoveries,
blank checks, retention time reproducibility, and other QC
checks described in Section No. 11. If any problems are
noted during the analytical run, corrective action is
taken and documented.

Each analytical run is reviewed by a chemist for
completeness prior to interpretation and data reduction.
The following calculations are used to reduce raw data to
reportable results.

Volatile Organics in Air - The quantity of analyte per
tube is calculated using the following formula:

mg analyte/tube = [(A)xCFxDxDV/iOOO]

Where A = sample peak height
CF = calibration factor [amount (ug/ml)/peak height]
D = dilution factor
DV = desorption volume in ml

The quantity of analyte in the vapor phase is calculated
using the following formula:

ppm (v/v) analyte = [(M/V)x(24.45/MW)x(T+273)/298)x(760/P)]

Where M = mg analyte/tube
V = volume collected in cubic meters
T = temperature in C
P = pressure in mm Hg
MW = molecular weight of the analyte
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Phenol in Air - Include in the calculations the
concentration of the analyte found on the front and backup
sections of a sampling tube. Express results in mg/m3

using the following equations:

ug/ml (total) = ug/ml (front section) + ug/ml (backup section)

mg/m3 = (ug/ml(total)) (2 ml desorption) / air volume in liters

To convert to ppm at 760 mm and 25°C:

ppm = (mg/m3)(24.45)/(MW of analyte)

24.45 is the molar volume of an ideal gas at 760 mm Hg,
25°C.

The principle criteria used to validate data will be the
acceptance criteria described in Section No. 11.
Following interpretation and data reduction by an analyst,
data is transferred to the laboratory sample management
system either by direct data upload from the analytical
data system or manually. The data is reviewed by the
Group Leader or another analyst and verified on the sample
management system. The person performing the verification
step reviews all data including quality control
information prior to verifying the data. If data package
deliverables have been requested, the laboratory will
complete the appropriate forms (see Appendix A)
summarizing the quality control information, and transfer
copies of all raw data (instrument print-cuts, spectra,
chromatograms, laboratory notebooks, etc.) to the Data
Packages Group. This group will combine the information
from the various analytical groups and the analytical
reports from the laboratory sample management system into
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one package. This package is reviewed by the Quality
Assurance Department for conformance with SOP's and to
ensure that all QC goals have been met. Any analytical
problems are discussed in the case narrative, which is
also included with the data package deliverables.

The validation of the data by the Quality Assurance
Department includes spot checking raw data versus the
final report, checking that all pertinent raw data is
included and does refer to the samples analyzed, review of
all QC results for conformance with the method, and review
of the case narrative for description of any unusual
occurrences during analysis. This validation is performed
using techniques similar to those used by the Sample
Management Office for the USEPA's Contract Laboratory
Program. The validation performed by the laboratory does
not address useability of the data, which usually requires
some knowledge of the site. The laboratory will make
every attempt to meet the requirements of this QAPP, thus
reducing the need to assess useability of the data:

The laboratory sample management system is programmed to
accept and track the results of quality control samples
including blanks, surrogates, recoveries, duplicates,
controls, and reference materials. The computer is
programmed with the acceptance criteria for each type of
QC sample and will display an out-of-spec message if the
data is not within specifications. All data outside of
specifications appears on a report to the Quality
Assurance Department on the next working day. These are
reviewed by the Quality Assurance Department for severity
of the problems and trends in the data. The reports are
then sent to the analytical groups for the purpose of
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documenting the corrective action taken. The sample
management system also produces control charts and has
searching capabilities to aid in data review. The flow of
data from the time the samples enter the laboratory until
the data is reported are summarized in Table 10-1. Any
data recorded manually will be collected in bound
notebooks. All entries will be in ink, with no erasures
or white-out being permitted. Any changes in data will be
made using a single line to avoid obliteration of the
original entry and will be dated and signed. Any data
resulting from instrument printouts will be dated and will
contain the signature and/or identification of the analyst
responsible for its generation. After copies of the data
are incorporated into the data package deliverables, the
originals will be stored in locked archives at the
laboratory for a period of ten years.
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Table 10-1

SAMPLE AND DATA ROUTING AT LANCASTER LABORATORIES, INC.

Action

Sample received at LLI

Sample is entered onto sample
management system (lab ID
number assigned, analyses
scheduled, chain-of-custody
started, storage location
assigned)

Sample stored in assigned
location (refrigerator,
freezer, etc.)

Acknowledgement sent to client
*»

Removed from storage for
analysis; tube is desorbed;
extracts retained in the
laboratory

Analysis is performed according
to selected analytical method;
raw data recorded in notebook
and transferred to computer by
chemist or technician*

Computer performs calculations
as programmed according to
methods

Chemist or supervisor verifies
raw data

Data package deliverables
are assembled

Data packages are reviewed
prior to mailing

Personnel Involved

Sample Administration

Sample Administration

Sample Administration

Sample Administration

Technical Personnel

Technical Personnel

Data Processing

Technical Personnel

Data Package Group

Quality Assurance Dept.
Laboratory Management

*Analyses requiring the chemist's interpretation may involve
manual data reduction prior to entry onto the computer.
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11. Internal Quality Control Checks

The particular types and frequencies of quality control
checks analyzed with each sample are defined in the
methods in Section 9. The quality control checks
routinely performed during sample analysis include
surrogates, matrix spikes, and blanks.

Surrogates (used for organic analysis only) - Each sample,
matrix spike, matrix spike duplicate, and blank are spiked
with a surrogate compound during desorption in order to
monitor desorption and analysis. Surrogates are used to
evaluate analytical efficiency by measuring recovery.

Matrix Spikes - A matrix (blank sorbant tube) is spiked
with known quantities of specific compounds and subjected
to the entire analytical procedure in order to indicate
the appropriateness of the method for the matrix by
measuring recovery.

Duplicates (matrix spike duplicate) - A second blank
sorbant tube is analyzed at the same time as the original
sample in order to determine the precision of the method.
Recovery of the original compared to the duplicate is
expressed as relative percent differences (RPD).
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Blanks (Media, Method) - Blanks are unopened sorbant tubes
from the same batch as those used in the field. They are
opened in the laboratory and treated with the same
reagents and surrogate standards as samples and carried
through the entire analytical procedure.

The charts that follow show the types and frequency of QC
performed, along with the acceptance limits.
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QC Charts

Type

VOIATILES BY GC:

Surrogate:

n-butanol

Matrix Spike:

Acetone
Chlorobenzene
Chloroform
1,1-Dichloroethane
1,1-Dichloroethene
Ethyl benzene
Methyl ethyl ketone
Methyl isobutyl ketone
Methylene chloride
Tetrachloroethylene
Toluene
1.1.1-Trichloroethane
1.1.2-Trichloroethane
Trichloroethylene
Xylenes (sum of isomers)

Matrix Spike Duplicate (RPD)

.Acetone
Chlorobenzene
Chloroform
1,1-Dichloroethane
1,1-Dichloroethene
Ethyl benzene
Methyl ethyl ketone

- Methyl isobutyl ketone
Methylene chloride
Tetrachloroethylene
.Toluene
1.1.1-Trichloroethane
1.1.2-Trichloroethane
Trichloroethylene
"Xylenes (sum of isomers)

Blank

Acceptance Limits Frequency

85-125

75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

< level1 of
DF4000 std

Each sample, MS,
MSD, and blank.

Each group (£20) of
samples.

Each group (<20) of
samples.

Each group (<20) of
samples.
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QC Charts
(Continued)

Acceptance Limits Frequency

PHENOLS BY HPLC:

Matrix Spike:

Phenol

Matrix Spike Duplicate (RPD)

Phenol

Blank

75-125

15

<LOQ

Each group (£20) of
samples.

Each group (<20) of
samples.

Each group (£20) of
samples.
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12. Performance and System Audits

System audits are conducted on each department at
Lancaster Laboratories, Inc. (LLI) by members of the
Quality Assurance Department. The audits include checks
on methodology, reagent preparation, equipment calibration
and maintenance, quality control results, and training of
personnel. The results of the audits and corrective
action, where necessary are communicated to laboratory
personnel and management by means of a written report.
Audits by outside organizations including clients,
regulatory personnel and the USEPA are permitted by
arrangement with the Quality Assurance Department.

On a monthly basis, the Quality Assurance Department
reviews summaries of the quality control data entered onto
the computerized sample management system by analysts.
Control charts and statistics are reviewed for trends
which may indicate problems with the analytical data. In
this way, small problems are identified before they have
any significant impact on laboratory results.

Performance audits consist of both intralaboratory and
interlaboratory check samples. Blind samples containing
known amounts of target analytes are prepared by the
Quality Assurance Department and submitted to the
laboratories under fictitious client names. In addition,
QC samples from EMSL-Cinncinnati are analyzed quarterly to
assess laboratory accuracy. LLI also participates in a
number of interlaboratory performance evaluation studies
which involve analysis of samples with concentrations of
analytes that are known to the sponsoring organization,
but unknown to the laboratory. Inorganics,
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pesticide/herbicides, trihalomethanes, volatile organic
compounds, semivolatile organic compounds and traditional
wet chemistry analyses are analyzed by LLI for studies
conducted by the USEPA and the New York Department of
Health. LLI is a contractor to the USEPA under the
Contract Laboratory Program which provides laboratory
analysis in support of the Superfund program. Part of
maintaining this contract includes analysis of quarterly
blind samples. Interlaboratory check samples are also
provided through the American Industrial Hygiene
Association accreditation program. The Proficiency
Analytical Testing Program (PAT Program) submits samples
to the laboratory quarterly. Charcoal tubes with
quantities of organics known to the sponsoring
organization are trapped on charcoal tubes at levels
unknown to the laboratory. Representative results from
some of these PAT Program rounds are attached to this
section. Representative results from some of these
studies are attached to this section.
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P E X r O S t t A R C K E V A L U A T I O N HSPOXT

V A T E K P O L L U T I O N S T U D r :^.-i)i*X V P 0 2 S

D A T E : 12/21/90

L A U O H A T O S Y : PA003

A S ' A L Y T E S
SAMPLE
5UKBEJI

HEPOHT
V A LU E

T R A C E 8 E T A L 5 I K HlCROCP.AaS

S A L K :i I U rt

V A K A D I U S

z I ::c

A N T I N O M Y

SILVEH

THALLI'JS

S O L Y B D E X U 3

STKOKTIO.",

TITAKIU.1

1
2

1
2

1
2

3
4

3
U

3
U

3
4

3
'1

3
4

27. 3
127

57.1
2 '16

22.2
765

22.3
I'lU

1.20
11. S

10.1
6U.5

9.53
59.3

. 16.6
44.8

259
50.0

n i N E R A L S I» .IILLICHA.IS PEK

P H - U N I T S

SPEC. COKD.
(Of.KOS/Ca AT 25 C)

3
4

1
2

•'1.64
a. 21

65.5
752

T'KUE ACCEPTANCE
V A L U E * LI.-. ITS

V ARK [XT,
LI.1ITS

PERFCXUAKCS
tVAL ' JATIOS

P2* LIT23:

30.0
130

53.1
255

25. 'J
753

2 fl . 0
157

1.20
12.4

11.0
67.9

9. 53
h6.0

16.0
tt5.7

250
SO. 9

LITER:
'1.50
3.33

67. S
770

20.1- 36.3
90.7-

'16.6-
?A2-

17.6-
671-

!«.«-
110-

0.733-
9.53-

5.79-
51.1-

1.74-
33.3-

13.5-
36.1-

216-
33.5-

(EZCEPT

y.52-
7.96-

57.5-
67fi-

155

69.8
291

36.9
353

31.6
201

1.61
15.2

15.0
35.1

1«.3
74. 7

21.2
57.6

297
62.1

AS

4.63
3.50

76.4
•133

22.2-
9ci.9-

•49.7-
22d-

20.1-
69U-

16.6-
122-

O.d56-
10.3-

7.96-
55.7-

5.09-
39.6-

14.5-
39.0-

227-
41.7-

N O T E D )

4.sa-
8. OS-

59. 8-
696-

3'1.7
1U7

66.7
231

3« . 5
331

29.4
139

1.50
14.5

1U.7
SO.S

12.9
68.9

20.2
54.7

286
58.9

4.66
e.'l't

7«.0
813

A C C E P T A B L E
A C C E P T A B L E

A C C E P T A B L E
A C C E P T A B L E

ACCEPTABLE
ACCEPTABLE

A C C E P T A B L E
A C C E P T A B L E

ACCEPTABLE
A C C E P T A B L E

ACCEPTABLE
A C C E P T A B L E

ACCEPTABLE
A C C E P T A B L E

ACCEPTABLE
A C C E P T A B L E

A C C E P T A U L E
A C C E P T A B L E

A C C E P T A B L E
A C C K P T A 9 L E

ACCEPTABLE
A C C E P T A B L E

B A S E D UPON T H E O R E T I C A L C A L C U L A T I O N S , O K A H E F 2 3 E N C 2 V A L U E W H E N N E C 2 5 S A 5 Y .

?AGS 2
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P2RFC3r.A.VCK E V A L U A T I O N 3£?O?.T

W A T E H ? O L L U T I O : J STUDT sa.-tp.2x
D A T E : 12/21/30

L A B O R A T O R Y : PA009

SAllPLE
A N A L t T E S K U H H E 3

K E P O M T
'/ A LU E

."HUE

. f l N E B A L S I.'l KILLIGHA.-.3 PE3 LITER:

TDS AT 180 C

T O T A L H A H D H F . S S
(AS CAC03)

C A L C I U K

M A S N E S I U t t

SOOI0.1

P O T A S S I U M

TOTAL A L K A L I N I T Y
(AS CAC03)

CHL03IDE

F L U O R I D E

S U L F A T E

N U T R I E N T S I H

A.ISONIA-J i lTSOGSX

1
2

1
2

2

1
2

2

1
2

1
2

1
2

1
2

1
2

36.5

11.9
190

3.25
54.5

1.08
14. B

5.44
50.6

3.04
25.9

5.67
45.4

140

.173

.782

7.50
34.3

3ILLICRAKS PE3

1
2

3.34
1.64

32.3

12.0
200

3.00
55 . 4

1.10
15.0

5.45
50.7

3.00
2S.O

6.6?
47.3

3. 66
142

0.130
O.J10

*. 00
90.0

L C I 2 R :

9.76
1.60

A C C E P T A N C E
1 Lir.ITS

W A f i N I K G
LI.1ITS i Y A L U A f TO!;

( S X C K P T A S N O T E D )

11.0- 53.8
234- 542

8.28- 15.6
133- 215

2.49- 3.53
43.1- 62.1

0.329- 1.31
12.9- 17.1

4.47- 6.50
44.7- 56.0

2.41- 3.44
21.6- 30.9

2.62- 9 .74
39.5- 50.4

7.19- 11.7
131- 154

0.110-0.256
0.772- 1.03

5.00- 10.5
74.7- 102

•
•

6.97- 10.4
1.20- 1.99

16.9- 52.9
325- 511

9.19- 14.6
167- .212

2.63- 3 . U U
49.8- 60.3

0.976- 1.26
13.4- 16.6

4.74- 6.33
46.1- 54.5

2.54- 3.31
22.?.- 29. fl

3.51- 8.35
40.8- 49. L

7.75- 11.1
134- 151

0.128-0.238
0.300-0.997

5.70- 9.84
7d.l- 98.6

7.33- 10.0
1.29- 1.90

A C C E P T A B L E
A C C E P T A B L E

A C C E P T A B L E
A C C E P T A B L E

A C C E P T A B L E
A C C E P T A B L E

A C C E P T A B L E
A C C E P T A B L E

A C C E P T A B L E
A C C E P T A B L E

A C C E P T A B L E
A C C E P T A B L E

A C C E P T A B L E
A C C E P T A B L E

ACCEPTABLE
ACCEPTABLE

ACCEPT A3LF.
C H E C K FOR E3HOF

ACCEPTABLE
A C C E P T A B L E

A C C E P T A B L E
A C C E P T A B L E

B A S E D U P O N T H E O R E T I C A L C A L C U L A T I O N S , O S A R E F E R E N C E V A L U E W M E M H 2 C E S S A S T . .

PACE 3
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P E R F O H K A N C E E V A L U A T I O N ' REP0.1T

W A T E X POLLUTION S T U D Y S U f l D E B JP025

OATK: 12/21/90

L A B O R A T O R Y : P A 0 0 9

SAMPLE R E P O R T TR'JE A C C E P T A N C E
A. tALYTES S U K O E R V A L U E V A L U E * LIMITS

S U T R I E N 7 S IS . l I L L I G R A r t S PS

N I T R A T S - t U T R O C E ! ! 1
2

O X T H O P H 0 5 P K A T E 1
2

K J E L D A H L - J U T H O G E I J 3 <
U

T O T A L P H O S P H O R U S 3 <
4

D E M A N D S IS «ILLIC.- tAMS

COD 1
2

TOC 1
2

5-DAY BOD 1
2

3.27

.191
a. 73

0.20
33.1

0.05
.611

P E R

115
13.1

U6.9
6.92

82.8
19.0

:R L I T E K

3.20
0.550

0.130
5.30

7.00
25. -3

3.20
' 0.525

LITER:
121

13.2

JH.O
7.20

7o.5
12.6

••

2.52- 3.35
0.«73-0. f l2S

0.1=15-0.235
1.U3- 6.10

5.01- 3.72
19.5- 32.1

6.32- 9.52
0. -'149-0. 772

95.0- 138
3.16- 29.3

'10.3- 55. 1
5.72- 3.3 6

15.1- 105
6.15- IS. 9

W A R N I N G
LIMITS

2.50- 3.69
0.515-0.736

0. 155-0. 22'J
U.67- 5.90

21.0- 1C. 6

6.72- 9 .23
O.U38-0.733

101- 133
10.7- 25. B

U2.7- 53.5
6.1U- 8.5«

52.9- 100
7.7a- 17. a

P E K F O R R A K C E
E V A L U A T I O N

A C C E P T A H L E
A C C E P T A B L E

A C C E P T A B L E
ACCEPTABLE

HOT ACCEPTABLE
SOT A C C E P T A B L E

SOT ACCEPTABLE
A C C E P T A B L E

A C C E P T A B L E
ACCEPTABLE

ACCEPTABLE
A C C E P T A B L E

A C C E P T A B L E
NOT ACCEPTA3LE

pea's ia .".ICROGRASS PER LITE*:
PC3-AHOCLOH 1016/1212 2 5.69 6.502.29- H.-35 3.13- S.01

l'C3-ASOCLOa 1260 1 3.75 a.27 1.22- 6.16 1.35- 5.52

ACCEPTABLE

ACCEPTABLE

3ASED UPOK THEOHZTICAL CALCULATIONS, OR A REt'ERE.HCE VALUE WHEN K2C2SSARY.

PACE 0



Section No. 12
Page 7 of 15

E E V A L U A T I O N
V A T E X P O L L U T I O N STUDY. .VJ.-.BKR

D A T E : 12/21/90

L A B O R A T O R Y : PA003

A H A L T T E S

PCB'S IS

PC3 IS OIL- 125U

PC3 IS! OIL- 1260

3 A H P L S
MU.13ER

SSPOST
V A L U E

OIL IS .-.ILLIC3AKS

1

2

27.7

'19.3

r?.as
V A L U E *

A C C E P T A N C E
Lir.ITS

V A P . H I N 3
LI KITS

PE3?oar.A'lCE
• V A L U A T I O N

?si K I L O G R A M :
2 5 . 3

50.0

U . O U - «6 .7

1.5B- 32.7

?.50- '«!. 2

12.0- 72.3

A C C E P T A B L E

A C C E P T A B L E

PESTICIDES I!l .-.ICKOCHArtS ?EH LITER:

C H L O H D A S E

A L D 5 I K

D I E L D R I S

ODD

DOE

CUT

H E P I A C H L O R

VOLATILE

3
4

1
2

1
2

1
2

1
2

1
2

1
2

HALOCAf tBOKS

1,2 D I C H L O R O E T H A K E 1
2

1.38
6.56

.115

.U10

.122
.098

.172
.309

.193
.U33

.1«3

.546

.159
.612

1.50 0 .7Ut»- 1.-J3
S.73 3.36- 3.78

0.15S
3.033

0.1'I2
0.503

0.131
0.773

0.217
0.425

0.173
0.553

0.193
0.623

IN r.ICHOC-UKS

1U.3
29.1

13.3
26.7

.OaOV-0.22tt

. 0955-0. 651

.0473-0.218
0.211-0.716

.0535-0.311
O . U 0 6 - 1.00

.0902-0.308
0.173-0.602

.OU21-0.306
0.252-0.812

.3630-0.255
0.125-0.920

P E R LITER:

3.79- 13.3
18.3- 36.0

0.902- 1.32
U.06- d.09

.0613-0.201
0.156-0.533

,069«-0.196
0.275-0.652

.0907-0.279
O.U91-0.991

0.118-0.200
0. 228-0. 5U7

.0756-0.273
0. 323-0. 7«0

.0917-0.231
0.226-0.319

10.0- 17.1
20.5- 33.7

ACCEPTA31.E
ACCSPTA3LE

A C C K P T A S L E
ACCEPTABLE

A C C E P T A B L E
A C C E P T X B L K

A C C E P T A 3 L K
A C C 5 P T A H L E

ACCEPTASJLS
A C C E P T A H L K

A C C E P T A B L E
ACCEPTABLE

A C C E P T A B L E
ACCEPTABLE

A C C E P T A B L E
A C C E P T A B L E

BASED U P O H T H E O R E T I C A L C A L C U L A T I O N S , 0?. A P.EFEP.E.HC2 V A L U E K H E S J JECESSAHY.

P A G E 5
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?Enyoj- ; iAs:cE E V A L U A T I O M X E P O R T
W A T E X P O L L U T I O N S T U O T S l i r i 3 2 X V?025

D A T E : 12/21/90

LABOJtATORt : PA009

SA'/SPLE
A N A L f T E S XUr.3ES

H K P O H T T H U S A C C E P T A N C E
V A L U E V A L U E " L I M I T S

•••AKSIS3
L I M I T S

PSKFOa. lASCS
E V A L U A T I O N

V O L A T I L E H A L C C A 3 E O S S I . 'J aiCSO"3A,1S PK3 LIT2.H:

C M L O R O f O X f l

1,1,1 T R I C H L O R O E T H A N E

T H I C H L O R O E T H E N E

CARBOh'TETRACHLORIDE

T E T H A C H L O E O F . T H E K E

S H D K O O I C H L O H O f i P - T H A M S

O l b . H O r t O C H L O R O K E T H A N B

sao.'.oFosr,

K E I H Y L E S B C H L O R I D E

C H L O S O B E K Z E K E

1
2

1
2

1
2

1
2

\
2

1
2

1
2

1
2

1
2

1
2

V O L A T I L E A R O H A T I C S

S E N Z E X 2 1
2

9.76
33.6

3. 19
59.7

10.5
53.5

' 7.08
59.5

12.3
53.8

10.2
63.0

13.2
U7.9

15.5
70.2

13.5
U9.1

15.1
68. 0

9.7--1
37. :i

7. 46
5i. 3

13.5
U 7 . a

6.31
54.7

11.7
54.0

10.1
62.5

12.6
« '1.7

11. 4
66.1

12.3
42. S

13.9
63.0

IS rt lCKOSRArtS

17.9
ai.7

17.3
32.0

6.16- 13. '1
24. U- u O . 7

4.U4- 11.7
35.-?- 77.2

6.U3- 13.7
30.1- 60.5

3.72- 9.3S
34.1- 77.0

6.64- 16. «
32.1- 74.1

6.5V- 13.3
'»3.3- 93.7

7.63- 17.8
27.1- 61.1

7.75- 19.5
40.4- 95.6

5.21)- 17.4
23.1- 53.1

8.17- 13. 7
43.1- 79.7

PER L I T E H :
11.9- 23.7
55.7- 107

7.08- 12. 5
27.6- 46. M

5.37- 10.7
'1 1.1- 72.0

7.J6- 12.8
34.0- 56.9

4.52- 9. IS
39.6- 71.6

7.38- 15.2
37.4- 68. S

7.51- 12.9
4(5.5- 73.5

8.93- 16.5
33.2- 57.0

9.26- ia.0
47.5- 83.5

7. 70- 16.0
27.5- 53.7

10.2- 17.4
47.8- 75.0

13.4- 22.2
62.2- 100

A C C E P T A B L E
A C C E P T A B L E

ACCE?TA3LS
A C C K P T A 3 L E

ACCEPT A 3 LE
A C C E P T A B L E

ACCEPTABLE
A C C E P T A B L E

A C C E P T A B L E
A C C E P T A B L E

ACCF.PTJ5.3LS
A C C K P T A 3 L E

A C C E P T A B L E
A C C E P T A B L E

ACCSPTA3LR
A C C E P T A B L E

A C C E P T A B L E
ACCEPTABLE

ACCEPTA3LK
A C C E P T A B L E

A C C E P T A B L E
A C C E P T A B L E

HASED U P O N T H E O R E T I C A L C A L C U L A T I O N S , OS A HEF£3£:iCS V A L U E WHE.'J N E C E S S A R Y . •

PAC2 6
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P E R F O S H A S C F . E V A L U A T I O N R E P O R T

V A T E H P O L L U T I O N S T U D Y s y n H E ? .

DATS: 12/21/90

L A U O R A T O R Y : PA009

S A M P L E
A N A L Y T E S K U r . 3 E H

R K P O S T T R U E * C C E P T A S C E
V A L U E V A L U E * LI.-.ITS

V A S N I S G
L I M I T S

pExrosr,A':cF.
E V A L U A T I O N

V O L A T I L E A H O K A T 1 C S TS M IC30GR A.13 ? S3 LITSK:

S T H Y L h E K Z S S f .

T O L U E S E

1 , 2 - D I C H L O R 0 3 E H Z E H E

1, 3-DICKLOS035N2ESS

l .Q-DlCaLO*OBKJ. S »E '

1
2

1
2

1
2

1
2

1
2

9.19
59.1

12.3
SO. 7

12. U
S3. 6

19.0
51.1

US. 9

3.60
53. U

12.9
93. 3

13.5
59.2

19.7
52.5

IS. 3
U 3 . U

5. '13- 12. 9
39.1- 76.6

3.30- 16.3
62.5- 119

8.69- 17.9
39.1- 77.2

12.1- 26.0
3a.O- 67.5

9.55- 21.1
31.9- 65.7

6.38- 12.0
H3.9- 71.3

9. S3- 15.3
69.0- 112

9.90- 16.7
tm.1- 72.2

13.9- 2«.2
33. '»- 63.1

11.1- 19.6
36.2- 61.2

A C C E P T H B L E
A C C E P T A B L E

A C C E P T A B L E
A C C E P T A D L E

A C C E P T A b L E
ACCF.PTA3LE

ACCXPTADLS
ACCEPTABLE

ACCEPTAOLf .
A C C E P T A B L E

M I S C E L L A N E O U S ? ARA-.STERS:

T O T A L C Y A N I D E
( IK nc /L)

N O N - F I L T E R A B L E R E S I D U E
(IH f.G/L)

D I L A S D G R E A S E
(IS f.C/L)

TOTAL PHEKOLICS
(IN .1C/L)

I O T A L R E S I D U A L C H L O R I N E
(IX KS/L)

1
2

1
2 '

1
2

1
2

1
2

.503

.079

17.2
U 2 . 6

38.6
18.3

2.6U
.322

.155
1.H7

O . S U O
0.110

16.6
U 2 . a

3«J .O
20.0.

3.1U
0.372

0.175
1.65

0.392-0.631
. 0613-0. 1-J6

11.9- 21.2
3'*.9- 50.0

23.9- U5.1
10.6- 25. U •

1.63- -'J.ee
0.1'19-0.595

D.L. -0.351
1.07- 1.99

0.«23-0.6«S
.0720-0.135

13.1- 20. 0
36.7- U9.1

26.6- U 2 . 5
12.1- 23.6

2.01- n .27
0.205-0.539

. 0378-0. 30't
1.19- 1.87

A C C K 9 T A ? L E
A C C E P T A B L E

A C C E P T A B L E
A C C E P T A B L E

A C C E P T A B L E
A C C E P T A B L E

A C C E P T A B L E
A C C E P T A B L E

A C C E P T A B L E
A C C E P T A B L E

* BASED UPOM THEORETICAL CALCULATIONS, OR A HEfEHEHCE VALUE WHES
D.L. STANDS FOR DETECTIOH LIMIT

?AG2 7 (LAST PAGE)
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REGION 3
ORGANIC PERFORMANCE EVALUATION SAMPLE
INDIVIDUAL LABORATORY SUMMARY REPORT

FOR OB 3 FY 91

LABORATORY: Lancaster laboratories (PA)
PERFORMANCE: ACCEPTABLE • No Response Required

RANK: Above * 6 Same • 0 Below * 19
X SCORE: 95.6

REPORT DATE: 06/10/rl
MATRIX: 'WATER

COMPOUND

TCL VOLATILE

CHLOROMETKANE
1,1-D1CHLOROETKANE
CHLOROFORM
2-BUTAHONE
CIS-1,3-DICKLOROPROPENE
BROHOFORM
2-HEXANONE
1,1,2.2-TETRACHLOROETHANE
CKLOROBENZENE
STYRENE
XYLENES (TOTAL)

TCL SEMIVOLATILE

81SC2-CHLOROETKYDETHER
2-CHLOROPHENOL
1.3-01CHLOR08ENZENE
NITROBENZENE
2-NITROPHENOL
2,4-OIMETHYLPHENOL
2,4,S-TRICHLOROPHEMOL
DIMETHYL PHTHALATE
ACENAPHTHYLEHE
2,4-DINITROPHENOL
4,6-DINITRO-2-METHYLPHENOL
4-BROMOPHEHYL PHENYL ETHER
PKEHANTHRENE
PYRENE
BENZO(K)FLUORANTHENE -
IMOENO(1,2.3-CO)PYR£NE

TCL PESTICIDES

DELTA-BHC
HEPTACHLOR
ALDRIN
HEPTACHLOR EPOXIDE
4,4'-DDE
ENDOSULFAN SULFATE
AROCLOR-1260

WON-TCL VOLATILE

EPICHLOROHYDRIH
PROPANE,1,2-DIBROMO-2-CHLORO-
TOLUENE.2-CHLORO-

NON-TCL SEMIVOLATILE

BENZOIC ACID

CONFIDENCE INTERVALS
WARNING ACTION

LOWER UPPER LOWER UPPER

30
10
62
43
60
57
91
120
34
160
74

14
19
20
34
24
38
62
11
25
50
NU
22
11
74
NU
10

0.082
0.091
0.26
0.27
0.31
0.38
1.3

93
12
78
120
97
76
250
160
43
200
93

22
29
34
59
40
66
94
110
40
140
NU
41
18
120
NU
18

0.18
0.16
0.42
0.38
0.42
0.72
2.3

20
10
60
32
54
54
67
110
33
ISO
71

13
18
18
31
22
34
57
10
22
50
NU
20
10
66
NU
10

0.067
0.081
0.23
0.26
0.29
0.33
1.1

,100
12
80
130
100
78
270
160
45
210
100

23
30
43
63
43
70
110
120
42
150
NU
44
20
150
HU
23

0.19
0.17
0.44
0.4
0.44
0.77
2.4

LABORATORY
DATA

CONC 0

50
10
78
94
78
64
180
140
42
180
95 S

19
25
27
49
38
37
73
69
32
130
36
31
16
66
17
17

0.13
0.11
0.26
0.3
0.3

0.52
1.5

100

*LABS
MIS-QNT

2
2
3
0
3
5
5
5
2
3
5

5
7
0
3
7
6
3
0
2
1
0
1
0
0
0
1

3
5
2
6
4
4
5

PROGRAM. DATA '
»LABS fLABS TOTAL

NOT-ID 10-CPO fLABS

0
0
0
1
1
0
0
0
0
0
2

0
0
0
3
0
1
4

35
16
4

35
35
35
34
34
35
35
35
35
35
33

35
35
35
32
35
34
31

0
19
31

28

35
35
35
35
35
35
35
35
35
35
35

1
0
0
1
0
01
6
0
0
2
0
0
0
10
2

34
35
35
34
35
35
34
29
35
35
33
35
35
35
25
33

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

35
35
35
35
35
35
35

35
35
35

35
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REGION 3
ORGANIC PERFORMANCE EVACUATION SAMPLE
INDIVIDUAL LABORATORY SUMMARY REPORT

FOR 01 J FY 91 .

'LABORATORY: Lancaster Laboratories (PA)
PERFORMANCE: ACCEPTABLE • No Response Required

RANK: Above • 6 Same « 0 Below • 19

X SCORE: 9S.6
REPORT DATE: 06/10/91

MATRIX: WATER

OHPOUNO

~OIBENZOTHIOPHENE

CL VOLATILE (Contaminants)

-*CEtONE
TRICHLOROETHENE

CL SEHIVOLATILE (Contaminants)

"OIETHTLPHTHALATE
DI-N-BUTYLPHTHALATE
IS(2-ETHYLHEXYL)PHTHALATE

"TJOH-TCL VOLATILE (Contaminants)

•NKNOUN
•PROPANOL

MOH-TCL SEMI VOLATILE (Contaminants)

NKHOUN
NKNOUN

IJNKNOWH
UNKNOWN
MKNOUN
NKHOUN

SaNKNOWN
UNKNOWN CARBOXYLIC ACID
"NKHOUN CARBOXYLIC ACID ESTE
•(KNOWN COMPOUND, AROMATIC
WKNOUN PHTHALATE

CONFIDENCE INTERVALS
WARNING ACTION

LOWER UPPER LOWER UPPER

LABORATORY
DATA

CONC 0

12

15
HO

2
2
2
6
3
4
3
3
37
4
12

PROGRAM OATA
'LABS »LABS 'LASS

MIS-ONT NOT-ID ID-CPD

1

25
17

34
32
30

29
16

25
30
32
33
34
34
34
34
34
34
34

34

10
IS

6
19

10
5
3
2

TOTAL
"LABS

35

35
35

35
35
35

35
35

35
35
35
35
35
35
35
35
35
35
35

OF TCL COMPOUNDS NOT-IDENTIFIED: 0
^f Of TCL COMPOUNDS MIS-QUANTIFIED: 0
I OF TCL CONTAMINANTS: 0

OF NOH-TCl COMPOUNDS NOT-IDENTIFIEDt 1
_OF NON-TCL CONTAMINANTS: 1
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Program Summary Data fcont.^:

Headejr

$ LABS NOT-ID:

3 LABS ID-CPD:

TOTAL $ LABS:

ILSR CODES:

Definition

The number of CLP contractors who did not
identify a TCL or non-TCL compound added to •
the PEM.

The number of CLP contractors who identified a
TCL or non-TCL compound in the PEM.

The number of CLP contractors who analyzed the
PEM.

The following codes are used on the ILSR.

U — Compound analyzed for but not detected.

& — Compound not identified — points
deducted for identification.

X — Compound correctly identified but the
reported value is not within the action
limit — points deducted for
quantification.

$ — The reported value for the compound is
not within the warning limit but is
within the action limit — points not
deducted.

C — Contaminant — points deducted.

CO — Contaminant which may have been
introduced during preparation of the PEM
or during shipment — points not
.deducted.

NS — Data required but not submitted —
points deducted.

NR — Data not required.
•

NU —• Data not used; insufficient amount of
usable data for scoring submitted by the
contractors.
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Public Health Service

Centers for Disease Control
National Institute for

. Occupational Safety & Health
Robert A. Taft Laboratories
4676 Columbia Parkway
Cincinnati OH 45226-1998

M. LOUISE HESS
LANCASTER LABORATORIES, INC.
2425 NEW HOLLAND PIKE
LANCASTER PA 17601

August 26, 1991

Dear M. LOUISE HESS :

Enclosed are your results from the Proficiency Analytical Testing (PAT)
Program for Round 106. The following table shows the Relative Standard
Deviations for reference laboratories:

ROUND 106 RELATIVE STANDARD DEVIATIONS

Contaminant

CADMIUM (CAD)
CHROMIUM (CHR)
LEAD (LEA)
SILICA (SIL)
ASBESTOS (ASB)
BENZENE (BNZ)
0-XYLENE (OXY)
TOLUENE (TOL)

Number of
Ref. Labs

73
73
73
71
73
73
73
73

Sample
1

04.23%
07.78%
03.34%
27.36%
19.55%
06.46%
05.10%
05.79%

Sample
2

04.50%
07.15%
03.67%
21.27%
17.26%
04.79%
04.89%
04.05%

Sample
3

04.76%
08.33%
03.47%
18.67%
18.24%
04.07%
04.77%
04.30%

Sample
4

04.04%
07.76%
03.05%
22.25%
16.56%
04.64%
04.59%
03.68%

The Relative Standard Deviations are calculated from non-transformed
Winsorized reference laboratory data.

PAT Round 107 is scheduled for shipment on October 1, 1991, and the
organic solvents this round will be carbon tetrachloride (CTC), 1,2-
dichloroethane (DCE), and trichloroethylene (TCE). Metals this round
will include cadmium (CAD), lead (LEA) and zinc (ZIN). Also, silica
will have a mix of talc and coal mine dust as the background, and the
asbestos will be chrysotile this time.

Sincerely yours,
Jensen H. Groff
Research Chemist
Quality Assurance and Statistics

Activity
Division of Physical Sciences and

Engineering

Enclosure
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M. LOUISE HESS
LANCASTER LABORATORIES, INC.
2425 NEW HOLLAND PIKE

PROFICIENCY ANALYTICAL TESTING PROGRAM
LABORATORY PERFORMANCE - ROUND 106

15:38 TUESDAY. AUGUST 20. 1991 1109

LANCASTER, PA 17601

1
I CONTAMINANT
1

METALS

SILICA

ASBESTOS

ORGANIC
SOLVENTS

I CADMIUM (CAD)
1 (MG)

CHROMIUM (CHR)
(MG)

LEAD (LEA)
(MG)

SILICA (SIL)
(MG)

ASBESTOS (ASB)
(F/MM2)

BENZENE (ONZ)
(MG)

0-XYLENE (OXY)
(MG)

TOLUENE (TOD
(MG)

SAMPLE

1
2
3
4

1
2
3
4

1
2
3
4

1
2
3
4

1
2
3
4

RND106 STATISTICAL

REF.
VALUE

0.0123
0.0100
0.0061
0.0166

0. 1 185
0.0601
0. 1979
0. 1494

0.0601
0.0300
0.0849
0.0494

0.0737
0.0844
0. 1 192
0. 1353

231. 1
408.5
805.6
657.6

1 0.0926
2 0.1774
3 0.2265
4 0.2545

1
2
3
4

1
2
3
4

1 .6014
1 .2698
1 .0270
0.7036

0.7084
0.9961
1 .2135
1 .2897

PERFORMANCE
LIMITS

0.0108-0.0138
0.0087-0.01 13
0.0053-0.0069
0.0147-0.0186

0.0909-0. 1461
0.0472-0.0730
0. 1485-0.2474
0. 1 146-0. 1842

0.0541-0.0660
0.0267-0.0332
0.0761-0.0937
0.0449-0.0538

0.0304-0. 1789
0.0424-0. 1684
0.0675-0.2106
0.0643-0.2851

115.8- 385.9
224. 1- 647.8
422.2-131 1 .8
368.0-1029.2

0.0746-0. 1 105
0. 1519-0.2028
0. 1988-0.2541
0.2191-0.2900

1 .3560-1 .8468
1 .0834-1 .4562
0.8799-1 .1741
0.6068-0.8005

0.5854-0.8315
O.B752-1 .1)71
1 .0560-1 .3702
1 . 1471-1 .4322

NO.
LABS

383

379

387

107

1302

376

374

376

.SUMMARY

OUTLIERS
HI LO

1 1
15
10
6

7
4
5
7

13
21
6

21

1
0
0
0

58
61
54
40

16
13
20
14

10
9
12
15

8
18
14
21

1 1
1 1
15
20

8
13
13
17

28
22
25
28

2
4
10
5

1 1
19
12
20

10
15
14
10

18
18
12
17

7
17
17
23

| LABORATORY RESULTS
1

TOT

22
26
25
26

15
17
18
24

41
43
31
49

3
4
10
5

69
80
66
60

26
28
34
24

28)
27|
24
32

15
35
31
44

! R106 PROF
DATA RATING

0.0120 P
0.0098
0.0060
0.0164

0. 1 158
0.0573
0.2000
0.1525

0.0598
0.0300
0.0855
0.0495

303.6 P
636.9
993.6
707

OUTLIER SUMMARY
103 104 105 106

0.0917 P
0.1710
0.221 1
0.2551

1 .6149
1 .2261
1 .0094
0.6967

0.7138
0.9733
1 .2054
1 .2997

PROFICIENCY:
RATINGS

P =PROFICIENT
NP =t OF TIMES NON-PROFICIENT
- =ANALYSIS NOT PERFORMED

OR NOT RATED

OVERALL: 1452

OUTLIER: BLANK ^ANALYSIS ACCEPTABLE
SUMMARY - =ANALYSIS NOT PERFORMED

HI =HIGH OUTLIER
LO = LOW OUTLIER

NOTE: ONLY ONE PROFICIENCY RATING IS
GIVEN FOR METALS AND ONLY ONE
PROFICIENCY RATING IS GIVEN FOR
ORGANIC SOLVENTS.

TJ CO
0> ID

lQ O
fl> rt

H-
M O
£> 3

O &
MI O

Ln »-•
to
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M. LOUISE HESS
LANCASTER LADORATORIES. INC.
2425 NEW HOLLAND PIKE
LANCASTER. PA 17601

PROFICIENCY ANALYTICAL TESTING PROGRAM
ROUNDS 103 - 106 STANDARD DEVIATION PLOTS

15:38 TUESDAY. AUGUST 20, 1991 1 1 1 0

ROUND SAMPLE

103 1

2

3

4

104 1

2

3

4

105 1

2

3

4

106 1

2

3

4

METALS USED - R103:
R104:
R10S:
R106:

METAL 1

-SD +SD
54321012345

•

*

*

1 i
•

*

*

*.

*
.
*

* f
.

* .

*

*
.
*

*

CAD
CAD
CAD
CAD

METAL2

-SD + SD
54321012345

*

i

*

*
•

*

*

*

*

*

*
.
*
.

*

*

*
.
*

»
.

CHR
LEA
LEA
CHR

METAL3

-SD + SD
54321012345

*

*

*

*
•

*

*

*

*

*
*

»

*

*

*

*

*
.

LEA
ZIN
ZIN
LEA

SILICA

-SD + SD
54321012345

.

.
*

•

.

•

•

.

.
_
.

•

!.

.

.

SOLVENTS

ASBESTOS

-SD +50
54321012345

1

*

*

*
.

*

*

*

*

*

*
.
*
.

* .

_ *

*
.
_ *

•
.

» USED - R103:
RI04:
R105:
R106:

SOLVENT!

-SD +SD
54321012345

*

•:*
*•*
*
*

•i
*

*.*.* _
*
*
*
i.

CTC
MCM
CFM
BNZ

SOLVENT2

-SD +SD
54321012345

•
*

*
•

*

*

*

*

*

*
.
*

*

*

*

i

DCE
PCE
CTC
OXY

SOLVENTS

-SD +SD
54321012345

*

*

i

.
•

-
*

*

f *

*

*

*
.

».

*
t) M
01 (D

* ifl 0
fl> ft

' ^ «'M O
i Ul 3

O 2!
M, 0

TCE M
TCE W J-
DCE M

TOL



Section No. 13
Revision No.
Date: 11/14/91
Page l of 2

13. Preventive Maintenance

In order to ensure timely production of data, Lancaster
Laboratories, Inc. (LLI) schedules routine preventive
maintenance of instruments based on manufacturer's
recommendations. Maintenance of the laboratory
instruments is the responsibility of the technical group
using the equipment in conjunction with our in-house '
equipment maintenance group. A schedule of routinely
performed instrument maintenance tasks is attached as
Table 13-1. All preventive maintenance, as well as
maintenance performed as corrective action, is recorded in
instrument logs.

Critical spare parts are kept in supply at the laboratory
by the equipment maintenance group. Most items not kept
in stock at the laboratory are available through overnight
delivery from the manufacturer. In addition, LLI
maintains multiple numbers of most of the critical
instruments used in our laboratory operations. A recent
equipment inventory may be found in the Qualification
Manual. Because we are a large laboratory with redundant
capacity, the problems of instrument downtime are
minimized.
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Table 13-1
Preventive Maintenance Schedule

Preventive Maintenance

Injection Syringe
Septum change
Column maintenance
Clean detector

Reproducability Check
Lubricate moving parts
Inspect & clean line filter
Clean Check valve & pump head
Replace plunger seal
Replace syringe plunger tip
Check lamp intensity

Frequency

Weekly
Weekly
AN
AN

6 months
3 months
3 months
6 months
6 months
6 months
6 months

* AN means as needed. Any of these items may be performed more
frequently if response during operation indicates this is necessary.
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14. Specific Routine Procedures Used to Assess Data Precision,
Accuracy and Completeness

Precision - Precision refers to the reproducibility of a
method when it is repeated on a second aliquot of the same
sample. The degree of agreement is expressed as the
Relative Percent Difference (RPD) . The RPD will be
calculated according to the following equation:

D? - Pi
+ D2)/2 * 100

DI = First sample value
D2 = Second sample value (Duplicate)

Duplicates will be run on at least 5% of the samples.
Acceptance criteria shall be based on statistical
evaluation of past lab data. (See Section No. 11.) All
Quality Control sample results are entered into the
computer and compared with acceptance limits. In
addition, there is a monthly review of values on the
computer QC system. Data obtained from quality control
samples is entered onto our computer system which charts
the data, and calculates a mean and standard deviation on
a monthly basis. The Quality Assurance Department then
reviews this data for trends which may indicate analytical
problems. The control charts are graphical methods for
monitoring precision and bias over time.

Accuracy - Accuracy refers to the agreement between the
amount of a compound measured by the test method and the
amount actually present. Accuracy is usually expressed as
a percent Recovery (R) . Recoveries will be calculated
according to the following equations:
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Surrogate Recovery = 9J| x 100
Qa

Qd = quantity determined by analysis
Qa = quantity added to sample

Matrix Spike Recovery = SSR - SR x 100SA

SSR - Spiked Sample Results
SR = Sample Results
SA - Spike added

Laboratory Control Sample Recovery = LCS Found xLCS True

Surrogate standards are added to each sample analyzed for
organics. Spikes and Laboratory Control Samples will be
run on at least 5% of the samples (each batch or SDG, < 20
samples). Acceptance criteria for the accuracy recoveries
shall be based on statistical evaluation of past lab
data. (See Section No. 11.) The computer is programmed
to compare the individual values with the acceptance
limits and inform the analyst if the results meet
specification. If the results are not within the
acceptance criteria, corrective action suitable to the
situation will be taken. This may include, but is not
limited to, checking calculations and instrument
performance, reanalysis of the associated samples,
examining other QC analyzed with the same batch of
samples, and qualifying results with documentation of any
QC problems in the Case Narrative.

Where available, EPA Quality Control materials are run at
least quarterly to ensure accuracy of the analytical
procedure. Repetitive analysis of a reference material
will also yield precision data. Accuracy information
determined from reference materials is valuable because
variables specific to sample matrix are eliminated.
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The QC program is capable of charting data for surrogates,
spikes, control materials and reference materials. The
Quality Assurance Department reviews these charts for any
indication of possible problems (ie shift in the mean and
standard deviation).

Completeness - Completeness is the percentage of valid
data acquired from a measurement system compared to the
amount of valid measurements that were planned to be
collected. The objective is analysis of all samples
submitted intact, and to ensure that sufficient sample
weight/volume is available should the initial analysis not
meet acceptance criteria. The laboratory's Sample
Management System will assign a unique identification
number to the sample which tracks and controls movement of
samples from the time of receipt until disposal. All data
generated will be recorded referencing the corresponding
sample identification number. The completeness of an
analysis can be documented by including in the data
deliverables sufficient information to allow the data user
to assess the quality of the results. This information
will include, but is not limited to, summaries of QC data
and sample results, chromatograms, spectra, and instrument
tune and calibration data. Additional information will be
stored in the laboratory's archives, both hard copy and
magnetic tape.
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15. Corrective Action

Whenever any of the data generated falls outside of the
established acceptance criteria outlined for instrument
tune and calibration (Section No. 8) and Internal QC
(Section No. 11) , the cause of this irregularity must be
investigated, corrected and documented. The documentation
will be used to prevent a recurrence of the problem and to
inform management of the situation.

If the results are not within acceptance criteria, the
appropriate corrective action will be initiated. This may
include, but is not limited to, checking calculation and
instrument performance, reanalysis of the associated
samples, examining other QC analyzed with the same batch
of samples, and qualifying results with a comment stating
the observed deviation.

A Standard Operating Procedure is in place which outlines
the procedures to be followed when quality control data
for an analysis falls outside of previously established
acceptance limits. All QC data must be entered onto the
computerized QC system promptly after its generation and
daily "out-of-spec" data is reported via this system. Any
data outside the acceptance criteria will be reviewed by
the Quality Assurance Department. Where appropriate, the
Quality Assurance Department will place outliers in one of
three categories:

A. Marginal Outlier
Data that are outside the 95% confidence interval but
within the 99% confidence interval. This category may
also be used for QC samples subject to matrix
interferences or sample inhomogeneity.
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B. Outlier
Data outside the 99% confidence interval and/or
observable trends such as a shift in mean and standard
deviation.

C. Extreme Outlier
Such data would indicate the system is out of control
and no results should be reported to clients; an
example would be more than one reference or control
falling outside the 99% confidence interval.

The daily out-of-spec reports are then distributed to
Group Leaders or their QC Coordinator who will check all
supporting data and document their findings and any
corrective action taken. Documentation of QC Data will be
filed in the departmental QC notebook. In the case of
Outliers or Extreme Outliers the Quality Assurance
Department may issue a formal request for investigation
and corrective action (see sample form that follows). The
Quality Assurance Department is responsible for initiating
the corrective actions, insuring that the actions are
taken in a timely manner, and that the desired results are
produced.

The Quality Assurance Department is also responsible for
conducting periodic audits which ensure compliance with
laboratory SOP's and assist in identifying and correcting
any deficiencies. These audits may entail observation as
procedures are carried out or a review of records to
demonstrate traceability and compliance with all
documented record keeping procedures. Follow-up audits
verify that proper corrective action has been taken for
the identified discrepancy.
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No.

INVESTIGATION AND CORRECTIVE ACTION FOR QC OUTLIERS

Part I (to be filled out by QA Director)

1. Date

2. LLI sample number(s) involved

3. Nature of QC outlier

4. _____ Check if investigation must be complete before
reporting further data to clients.

Signed
Quality Assurance Director

Part II

1. Steps taken to investigate outlier:

2. Explanation of probable cause of outlier:

3. Steps taken to prevent future occurrence:

4. Name of analyst who performed work:

5. Signed _____________•__________ Date

Return by ___________________

2064
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16. Quality Assurance Reports to Management

Reports of quality status from the Quality Assurance
Department to management are made frequently and in
various forms. All results from internal or external
performance evaluation samples are circulated to
management. A report of each audit performed is prepared
and copied to management. Monthly summaries of data
obtained from analysis of quality control check samples
are generated via the computerized sample management
system. These summaries include mean and standard
deviation to aid in assessment of data accuracy and
precision. Forms summarizing problems which require
investigation and corrective action are completed by Group
Leaders and circulated to management. Through these
channels, laboratory management is kept apprised of QA/QC
activities.

Any problems or unusual observations that occur during the
analysis of samples for a specific project will be listed
on the laboratory report and/or in the case narrative
delivered with the data package. The items often
discussed in this manner include samples with surrogate
recovery outside of the acceptance criteria and samples
with matrix problems requiring dilution and causing
increased detection limits. Where applicable, any
corrective action attempted or performed to address the
problem will also be presented.

The laboratory will contact the client for direction
regarding major problems such as samples listed on the
chain of custody but missing form the shipping container,
samples which arrive broken or are accidentally broken in
the laboratory, and samples with severe matrix problems.
The client will be contacted if it is necessary to change
any item in the original project plan.



Appendix A

Example Reporting Forms



Tier I Data Package

Title Page
Table of Contents
Sample Analysis Request Form, Field Chain of Custody
Internal Chain of Custody
Laboratory Chronicle
Method Summary/References
Analytical Reports for Samples and QC Samples
Case Narrative
QC Summary

GC/MS tuning summary
Surrogate recovery summary
Blank results
Matrix spike/matrix spike duplicate/duplicate results
LCS results (if applicable)
Internal standard area summary (GC/MS)

Sample Data
All raw sample data including instrument printouts (i.e.,
chromatograms, quant. reports, spectra, etc.)

Standards Data
Initial calibration summary and supporting raw data
Continuing calibration summary and supporting raw data
Standardization data

Raw QC Data
Raw tune data (GC/MS)
Blank raw data
Matrix spike/matrix spike duplicate/duplicate raw data
LCS raw data (if applicable)

Extraction/Digestion Logs



| ^1^ ANALYSIS REPORT

I Lancaster Laboratories ,,„„ORATFD
IK. , 2425 New Holland Pike. Lancaster, PA 17601-5994 (717)656-2301 "̂̂  " .. . J

-,^r^~,r~, r,̂ -..-̂ ;.I.,«-r--.i--'̂ -.-.-..-v-,5j-...-̂ ...̂ ~~,̂ -̂ î»,.i,

nmtHnm''""~'~ """' ""'''"'' '' -'•-•'••• :-~^-^-~ ..------' •"*.
Lancaster Laboratories, Inc.
2425 New Holland Pike
Lancaster, PA 17601-5994

Primary Air Sample
50 min. 0.2 L/min 10 L 25C

ANALYSIS
Acetone

— Chlorobenzene
Chloroform
1 , 1-Dichloroe thane
1 , 1-Dichloroethylene
Ethyl Benzene
Methyl Ethyl Ketone
Methyl Isobutyl Ketone

~ Methylene Chloride
Te t r achloroe t hylene
Toluene

— 1,1,1 -Trlchloroethane
1,1, 2-Trichloroethane
Trichloroethylene
Xylenes

~~ Acetone in Air
Chlorobenzene in air
Chloroform in air
1,1-Dichloroethane in air
1, 1-Dichloroethylene in air
Ethyl Benzene in air
Methyl Ethyl Ketone in air
Methyl Isobutyl Ketone in air
Methylene Chloride in air
Tetrachloroethylene in air

— Toluene in air
1 , 1, 1-Trichloroethane in air
1,1, 2-Trichloroethane in air
Trichloroethylene in air
Xylenes in air

_..r._̂  . -_.—,.-,..
-.Tl-si-..--!:',. --. -..,-

RESULT

- -•-* -~ • •* •' -:\* "
-.-• *'. ' ' • 1 •-.>:* .

AS RECEIVED
0.005
N.D.
N.D.
N.D.
N.D.
0.016
N.D.
0.006
N.D.
N.D.
0.024
N.D.
N.D.
N.D.
0.048
0.2
N.D.
N.D.
N.D.
N.D.
0.4
N.D.
0.15
N.D.
N.D.
0.6
N.D.
N.D.
N.D.
1.1

J mg/tube
mg/ tube
mg/tube
mg/tube
mg/tube
mg/tube
mg/tube

J mg/tube
mg/tube
mg/tube
mg/tube
mg/tube
mg/tube
mg/tube
mg/tube

J ppm
ppm
ppm
ppm
ppm
ppm
ppm

J ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

- . .... . ... -.,,.. . - . . .,.....-,,„,-,. -. .-

Date Reported 10/28/91
Date Submitted 10/16/91
Discard Date 10/16/91

P.O.
Rel.

LIMIT OP
QUANTITATION LAB CODE

0.008 900100000
0.01 900200000
0.02 900300000
0.01 900400000
0.01 900500000
0.006 900600000
0.009 900700000
0.009 900800000
0.02 900900000
0.04 901000000
0.008 901100000
0.02 901200000
0.02 901300000
0.02 901400000
0.009 901500000
0.4 901600000
0.3 901700000
0.5 901800000
0.3 901900000
0.3 902000000
0.1 902100000
0.3 902200000
0.2 902300000
0.6 902400000
0.6 902500000
0.4 902600000
0.4 902700000
0.4 902800000
0.5 902900000
0.2 903000000

1 COPY TO Kathy Loeven

Ine American Aatooation tor
' atxxatory Accreditaton

nemeal. Biological 1 Environmental
elds of testing.

__lember Amencan Council of
Independent Laboratonet. Inc

Questions? Contact Environmental
Client Services at (717) 656-2301
129 00649 0.00 000000

See Reverse Side For Explanation
Of Symbols And Abbreviations And
Our Standard Terms And Conditions

Respectfully Submitted
Lancaster Laboratories, Inc.
Reviewed and Approved by:

Richard C. Entz, Group Leader
Misc. Organics/Ind. Hygiene



ANALYSIS REPORT

Lancaster Laboratories, ORPORATFD

2425 New Holland Pike. Lancaster, PA 17601-5994 <717) 656-2301

Lancaster Laboratories, Inc.
2425 New Holland Pike
Lancaster, PA 17601-5994

Date Reported
Date Submitted
Discard Date

10/28/91
10/16/91
10/16/91

/2 Air Sample
100 min @ 0.1 L/min 10 liters 25 C P.O.

Rel.

ANALYSIS
Phenol
Phenol in Air

1 COPY TO Kathy Loeven

RESULT
AS RECEIVED

N.D. mg/tube
N.D. ppm

LIMIT OF
QUANTITATION

0.008
0.2

LAB CODE
900100000
900200000

Trie American Association tor
-a&oraiory Accrediuton
Zhemcal. Biological I Environmental
*I3* erf testing.

— Member American Council of
Independent Laboratone*. Inc.

Questions? Contact Environmental
Client Services at (717) 656-2301
129 00649 0.00 000000

See Reverse Side For Explanation
Of Symbols And Abbreviations And
Our Standard Terms And Conditions

Respectfully Submitted
Lancaster Laboratories, Inc.
Reviewed and Approved by:

Richard C. Entz, Group Leader
Misc. Organics/Ind. Hygiene



Lancaster Laboratories Quality Control Summary
M»rhrvH RI link __

Where quality is a science. Selected VOCs on charcoal tubes

**• BLANK INFORMATION ***
Matrix....................
Batch Number..............
Injection number..........
Analysis date.............

Air/Charcoal Tube

(Sample Information

| LLI | Client |
(Sample No.(Designation)

II IBKBSEZBSSZXBSEESESXSSSSEZSSSSSSES

jj Blank Contamination Information

Analysis
Date Tin

I !•»•««••««»«•
I I
|| CAS Numberj
M —— -

II I
II i
II I
II
I I
II
I I
I I
I I
II
II
I I
II
II
II
II
II
II
II
I I
I I
II
I I
II
II
II
II
II
I I
I I
II
I I
II
II
I I
I I

Compound

Acetone
Chlorobenzene
Chloroform
1 , 1 -Dichloroethane
1,1-Dichloroethene
Ethyl benzene
Methyl ethyl ketone
Methyl isobutyl ketone
Methylene chloride
Tetrachloroethylene
Toluene
1.1, 1 -Trichloroethane
1,1,2-Trichloroethane
T r i ch I oroethy I ene
Xylenes (sun of i scoters)

Blank
Result

NO |
NO |
NO |
NO
NO
NO |
NO
NO
NO
NO
NO
ND
NO
ND
NO

LOQ
(mg)

0.008
O.OU
0.022
0.013
0.012
0.006
0.009
0.009
0.022
0.042
0.008
0.022
0.022
0.024
0.009

Comments:
LOQ = Limit of Ouantitation
ND = None Detected
NR = Not Reported

Lancaster Laboratories, Inc. • 2425 New Holland Rke. Lancaster. FA 17601-5994 • 717-656-2301 • Fax:717-656-2681



Lancaster Laboratories Quality Control Summary
<!iirrnB«t»

Selected VOCs on Charcoal Tubes
Batch Hunter:
SDG Number:

LLI
Sample No.j

Client |
Designation

Dilution)
Factor

KXXXXBXS

Inject.
No.

•««•*«•

Surrogate
Butanol it

Comment

Acceptance Criteria: LOW HIGH
Surrogate (n-Butanol) 85 125
# Column to be used to flag recovery values
* Values outside OC limits

D Surrogates diluted out

Lancaster Laboratories, Inc. • 2425 New Holland Pike, Lancaster, BM7601-5994 • 717-656-2301 • Fax:717-656-2681



Lancaster Laboratories Quality Control Summary

Where quality is a science.
Spiked Sample Number :
Spiked Dup Sample Number:

Batch Number:
SDG Number :

Selected VOCs on Charcoal Tubes

Inj.:
Inj.:
Inj.:

Date :

This MS/MSD
applies to the

following samples

I
I
| Compound

(Acetone
jchlorobenzene
(Chloroform
|1,1-Dichloroethane
| 1 , 1 -D i ch I oroethene
| Ethyl benzene
(Methyl ethyl ketone
[Methyl isobutyl ketone
JMethylene chloride
JTetrachloroethylene
[Toluene
|1,1,1-Trichloroethane
|1,1,2-Trichloroethane
(Trichloroethylene
jxylenes (sum of isomers)

I
I
| Compound

(Acetone
jchlorobenzene
| Chloroform
[1,1-Dichloroethane
(1,1-Dichloroethene
j Ethyl benzene
•(Methyl ethyl ketone
(Methyl isobutyl ketone
JMethylene chloride
j Tetrach loroethy 1 ene
(Toluene
(1,1,1-Trichloroethane
(1,1,2-Trichloroethane
| Trichloroethylene
[Xylenes (sum of isomers)

Spike
Added
(mg/mL)

tmmmmmmmm*mm*

0.033
0.100
0.100
0.100
0.100
0.033
0.033
0.033
0.100
0.100
0.033
0.100
0.100
0.100
0.033

Spike
Added
(mg/mL)

0.033
0.100
0.100
0.100
0.100
0.033
0.033
0.033
0.100
0.100
0.033
0.100
0.100
0.100
0.033

ESECXS3SSESBSSS

Sample
Concentration

(mg/nL)

ND
NO
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

MSD
Concentration

(rag/mo

0.033
0.100
0.100
0.100
0.100
0.033
0.033
0.033
0.100
0.100
0.033
0.100
0.100
0.100
0.033

EKXXSSSS===S==a

:==sc==s=xx==xx=s

MS
Concentration

<mg/«L>

0.033
0.100
0.100
0.100
0.100
0.033
0.033
0.033
0.100
0.100
0.033
0.100
0.100
0.100
0.033

==SSS=SSSSS r SS3

MS | OC
X | Limits

REC j REC

100 |T5 -125
100 |75 -125
100 |T5 -125
100 |T5 -125
100 |T5 -125
100 |T5 -125
100 |T5 -125
100 |T5 -125
100 |T5 -125
100 |T5 -125
100 |T5 -125
100 |T5 -125
100 |T5 -125
100 |T5 -125
100 |T5 -125

£SSSSSSSSS====3E=3

MSD | QC
X j Limits

REC j REC

100 |T5 -125
100 |T5 -125
100 JTS -125
100 JTS -125
100 |T5 -125
100 |T5 -125
100 |T5 -125
100 |T5 -125
100 |75 -125
100 |T5 -125
100 |T5 -125
100 |T5 -125
100 |T5 -125
100 JTS -125
100 |T5 -125

(

H«««

;======:

X RPO

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

EEESSSS3

:omroent

:======

QC
Limit)
RPD

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15 I

ESSSXS3

8tX3B3CSS

5

Lancaster Laboratories, Inc. • 2425 New Holland Pike, Lancaster, Ftt 17501-5994 • 717-656-2301 • Fax:717-656-2681



Lancaster Laboratories Quality Control Summary
Initial Calibration __

Where quality is a sdence. Selected VOCs on Charcoal Tubes

(This 1C applies)
I to samples: j

Calibration Date..........

Instrument Identification.

Laboratory Standard ID

Compound

| | Acetone
| jchlorobenzene
| | Chloroform
j|1,1-Dichloroethane
jjl.l-Dichloroethene
j [Ethyl benzene
| (Methyl ethyl ketone
jJHethyl fsobutyl ketone
jJMethylene chloride
j JTetrachloroethylene
j (Toluene
j |1,1,1-Trichloroethane
j|1.1,2-Trichloroethane
| JTrichloroethylene
||p-Xylene
| jm-Xylene
jjo-Xylene
II
I I
II
I I
I I
II

OF 2000
STD 1

OF 400
STD 2

OF 100
STD 3

DF 40
STD 4

DF 20
STD 5 AVE RF XRSD

XRSD
OC Limit

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

Lancaster Laboratories. Inc. • 2425 New Holland Pike, Lancaster, FA 17601-5994 • 717-656-2301 • Fax:717-656-2681



Lancaster Laboratories Quality Control Sunrnary
Continuing Calihrntinn

Where quality is a science.
Calibration Date...........:

Instrument Identification..:

Continuing Calibration Date:

Selected VOCs on charcoal tubes

Inj #..:

Units: ug/mL

Compound

1 1 Acetone
| jchlorobenzene
| | Chloroform
| |1,1-Dichloroethane
||1,1-Dichloroethene
IJ Ethyl benzene
| [Methyl ethyl ketone
| (Methyl isobutyl ketone
jJHethylene chloride
j JTetrachloroethylene
I) Toluene
1 1 1,1.1 -Trichloroethane
||1,1,2-Trichloroethane
j JTrichloroethylene
j jxylenes
II
I I
I I
II
I I
I I
II
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I

Reference Continuing Acceptance Range
Concent rat ionjCalib Result) 85X- 115X|Out of Range)

100.000
300.000
300.000
300.000
300.000
100.000
100.000
100.000
300.000
300.000
100.000
300.000
300.000
300.000
100.000

85. 0
255.0
255.0
255.0
255.0
85.0
85.0
85.0
255.0
255.0
85.0
255.0
255.0
255.0
85.0

115.0
345.0
345.0
345.0
345.0
115.0
115.0
115.0
345.0
345.0
115.0
345.0
345.0
345.0
115.0

Lancaster Laboratories, he. • 2425 New Holland Pike. Lancaster, Ftt 17601-5994 • 717-656-2301 • Fax:717-656-2681



Lancaster Laboratories Quality Control Sumwry

Where quality is a science.
Spiked Sample Number :
Spiked Dup Sample Number:

Batch Number:
SOG Number :

Phenol on XAD-7 Tubes

Inj.:
I n j.:
Inj.:

Date :

This NS/HSO
applies to the

following samples Compound

Phenol

Spike | Sample | MS | MS
Added (Concentration) Concentration) X
(mg/mL) j (mg/mL) | (mg/mL) | REC

9.600 ND 9.600 100 75 -125

OC
Limits

REC
Comments

Compound

Phenol

Spike
Added
(mg/mL)

9.600

ESSszsxzBxzaca

MSD
Concentration

(mg/mL)
cssrsssssszssx:

9.600
4

MSD OC
X Limits

REC REC
:ExsEsssssssssaExz

100 75 -125
75 -125

|75 -125
|75 -125
|75 -125
|T5 -125
|T5 -125
T5 -125
T5 -125
75 -125

|75 -125
|T5 -125
|T5 -125
T5 -125
75 -125

XRPD

0.0

OC
Limit

RPD
ESEX3X3

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

Lancaster Laboratories, Inc. • 2425 New Holland Pike, Lancaster, BM7601-5994 • 717-656-2301 • Fax:717-656-2681



Lancaster Laboratories Quality Control Suimary

Where quality is a science. Phenol by HPLC

*** BLANK INFORMATION ***
Matrix.....................: XAD-7 Tube
Batch Number...............:
Injection number...........:
Analysis date..............:

Sample Information jj Blank Contamination Information
tmmmmmmmmmmmmmmmmmmmmmmn

LLI Client
1 |1 1 •••«« v TWW««««««*

Analysis ||
Sample No. | Designation | Date Time ||CAS Number

XBS«*xns»

|| 108-95-2
II
II
II
II
I I
I I
I I
I I
II
I I
I I
I I
I I
II
II
I I
II
II
II
II
I I
I I
I I
I I
I I
II
I I
I I
II
I I
II
II
I I
I I
I I

Compound

Phenol

Blank
Result Cms)

ND

LOQ
(mg)

0.008

Comments:
LOO = Limit of Quantisation
ND = None Detected
NR = Not Reported

Lancaster Laboratories, Inc. • 2425 New Holland Pike, Lancaster, RM7601-5994 • 717-656-2301 • Fax: 717-656-2681



APPENDIX D

ATEC ASSOCIATES, INC.

STANDARD OPERATING PROCEDURES
FOR PARTICLE SIZE DISTRIBUTION ANALYSIS



ATEC ASSOCIATES, INC.
STANDARD OPERATING PROCEDURE

PARTICLE SIZE DISTRIBUTION ANALYSIS

1. Parameter: Soil particle size distribution.

2. Range of Measurement: 0.0 - 100%

3. Limit of Detection: Not Applicable.

4. Sample Matrix: Soil.

5. Principle, Scope, and Application: Determine the particle size distribution in
order to help classify the soil type and identify its properties.

6. Interferences and Corrective Actions: Equipment failure or technician error-
readjust, repair, or replace defective equipment and/or discuss error with the
technician. Conduct duplicate test as necessary.

7. Safety Precautions: Wear safety glasses or gloves as needed for the contaminant
present. Use alternate preparation methods if necessary.

8. Sample Size, Collection, Preservation, and Handling: Sample size is
dependent upon the largest diameter sediment grain in the soil to be analyzed.
Each sample should be delivered/shipped in a sealed container (bag, jar, etc.) that
is of sufficient size to contain the sample and will not permit the loss of any
portion of the sample.



9. Apparatus:

• Balance sensitive to O.Olg,
• Mortor and rubber-tipped pestle,
• Stirring device "A" (per ASTM D-422; para. 3.2.1),
• Sedimentation cylinder (1000 ml),
• Soil Hydrometer 152-H (per ASTM D-422, para 3.3), and
• Sieves (per ASTM D-422; para. 3.6).

10. Routine Preventative Maintenance: Balances are checked and serviced by a
qualified service technician annually, and spot checked as needed. Sieves are
checked with glass calibration spheres annually.

11. Reagents & Calibration Standards: None.

12. Calibration Procedures: None.

13. Sample Preparation: Samples are air dried at room temperature then broken
down to particle size using a mortor and rubber-tipped pestle.

14. Analytical Measurement: Not Applicable.

15. Flow Chart: See Attached Exhibit.



16. Data Treatment:

% Soil in Suspension Diameter of Soil Particles
P = (Ra/W) x 100 D = K x SQRT (L/T)
R = Hydrometer reading K = Constant (Table 3; ASTM

D-422)
a = Correction factor L = Effective depth

(Table 1, ASTM D-422) (Table 2; ASTM D-422)
W = Oven dry soil weight T = Elapse time of reading

SQRT = Square root

17. Data Deliverables:

a. Case narrative.
b. Summary of all tests, and QC duplicate results (if required).
c. Copies of lab data sheets (if required).
d. Copies of any other pertinent sample documentation.

An example test report is attached.

18. Quality Control Requirement: Duplicate test as requested.

19. References: ASTM D-422-63.

20. Method Validation Data: Not Applicable.



Particle Size SOP
Page 4

Particle Size Analysis Flow Chart

Select a
representative
portion of the
«oll and air dry

It

Tei
Grind
t - Saeale

1

Separate using
a tit Slave

Wa*h and Dry
Material that

doe* not pass the
»!• sieve

Select portion of
•aterial that
passes through
the fit sieve for
HydroMter Test

Sieve
Material

Soak Seaple

Stir arid place
In cyl inder

Agitate for
1 Minute

Take series
of readings

Wash over a
fM Sieve

Sieve the
»MS) Materiel

Calculate
•Its



GRAIN SIZE DISTRIBUTION TEST REPORT

100

90

10

20O 1OO 10.0 1.0 0.1
GRAIN SIZE - mm

0.01 0.0011

[Test GRAVEL X SAND % SILT % CLAY
16 0.0 0.5 48.6 31 .0 19.9

LL PI °65 D60 °50
29 10 0.38 0 . 17 0.06 0.009 O.OO27

MATERIAL DESCRIPTION uses AASHTO

CL

Project No.: 21-02-92-22000
Project: ————————— Development
* Location: Boring 1; 15.0 - 17.0 ft.

Date: 3-9-92

Remarks:
( Client Name )

GRAIN SIZE DISTRIBUTION TEST REPORT

ATEC Associates. Inc. Figure No.



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 16

-ctate:
Project No.:
'roject:

3-9-92
21-02-92-22000
————————— Development

Sample Data

Boring 1; 15.0 - 17.0 ft.

CL

Location of Sample:
•ample Description:

_JSCS Class:
AASHTO Class:

Liquid limit: 29
Plasticity index: 10

Notes

Remarks: ( Client Name )

Vig. No.:

Mechanical Analysis Data

Initial
Ory sample and tare= 454.10
'are = 25.40

T)ry sample weight = 428.70
Sample split on number 10 sieve
Split sample data:
„ Sample and tare = 156.77 Tare = 107.41

Cumulative weight retained tare= 107.41
"'are for cumulative weight retained= 25.4

Sample weight = 49.36

Sieve

0.375 inches
# 4
# 8
# 10
# 16
# 30
# 40
# 50
# 80
# 100
# 200

Cumul. Wt.
retained

25.40
27.46
29.37
29.88
107.68
109.12
112.70
118.45
126.44
128.54
131.36

Percent
finer
100.0
99.5
99.1
99.0
98.4
95.5
88.3
76.8
60.8
56.6
50.9

Hydrometer Analysis Data

"eparation sieve is number 10
jercent -# 10 based on complete sample^
Weight of hydrometer sample: 50
Hygroscopic moisture correction:
Moist weight & tare = 35.31

99.0



Dry weight & tare = 35.00
Tare = 11.66
Hygroscopic moisture= 1.3 %

_alculated biased weight= 49.87
Automatic temperature correction
Composite correction at 20 deg C =-6.5

Meniscus correction only= 0
Specific gravity of solids= 2.7
pecific gravity correction factor= 0.989

_ydrometer type: 152H Effective depth L= 16.294964 - 0.164 x Rm

Elapsed Temp, Actual Corrected K Rm Eff. Diameter Percent
time,

2.
5.
15.

— 30.
60.
250.

_- 1440.

min
0
0
0
0
0
0
0

deg C
24.0
24.0
24.0
24.0
24.0
24.0
23.0

reading
29.0
27.5
22.5
20.0
17.0
13.5
11.0

reading
23.5
22.0
17.0
14.5
11.5
8.0
5.2

0.
0.
0.
0.
0.
0.
0.

0128
0128
0128
0128
0128
0128
0130

29.
27.
22.
20.
17.
13.
11.

0
5
5
0
0
5
0

depth
11.5
11.8
12.6
13.0
13.5
14.1
14.5

mm
0.0308
0.0197
0.0118
0.0084
0.0061
0.0030
0.0013

finer
46.5
43.5
33.6
28.7
22.7
15.8
10.2

Fractional Components

T + 3 in. = 0.0
% SILT = 31.0

% GRAVEL =
% CLAY =19.9

0.5 % SAND =48.6

3̂5= 0.38 D60= 0.172 D50=
D30= 0.0092 D15= 0.00269

0.058



ATEC ASSOCIATES, INC.
SOILS LABORATORY

LABORATORY SAMPLE CUSTODY

Upon receipt, the chain-of-custody (if possible) is signed by the
lab supervisor, or technician, that receives the samples. The
samples are then logged, and assigned a consecutive sample log
number. A work order is prepared for the sample, or group of
samples, and the test(s) that are to be conducted on each sample is
indicated. If a sample requires both physical and chemical tests,
a separate chemistry lab work order is prepared and a
representative portion of the sample is obtained and taken to the
chemistry lab. All work orders, sample tags, lab sheets, etc. must
have the appropriate sample log numbers on them. The unused
portions of the samples are maintained in the laboratory for 30
days after the test is completed unless other arrangements are made
by the client.



ATEG Associates, Inc.
\fi/ LAB WORK ORDER
V ' ENGR. & DRILLING DIV.

JOB NO
JO8NA

CLIENT

ME

COMPUTER

BILLING CO

BO
R

IN
G

,

— . ——

.. ——

SA
M

PL
E

DE

3 I

— .

'j

.

|

W
AS

H
ED

SI
EV

E |, j

•

DATEASSIQNE

DATE REQUIRE

UL

— -

b .,

o
D _.

PERM.

FA
LL

IN
G

H
EA

D

_ .

|

_.-

PROCTOR

i1 §

_-.«

g

"

OTHER

(' GIVE NO. OF PTS.)

SPECIAL INSTRUCTIONS:
POSSIBLE HAZARDOUS MATERIALS D YES O NO

.ASSIGNED BY: ....



ATEC Associates, Inc.
LAB WORK ORDER
MATERIALS DIVISION

JOB NO.
JOB NAME

DATE ASSIGNED __

DATE REQUIRED _

^OCATION ..
CLIENT ___

POSSIBLE HAZARDOUS MATERIALS DYES Q NO

SAMPLE (CIRCLE)
SOIL AGGREGATE ASHALT (CORE or SULK) CONCRETE CORES
BRICK FIREPROOFING ROOFING CEMENT

«

—

— -

—

SA
M

PL
E

LO
G

 N
O

.

MO. OF SAMPL

COMPUTER-*-

BILLING CODE

ll

FS-

PflOCTOR

1

.. -_.

§
SIEVE

§i 1

EX
TR

AC
TI

O
N

A G
R

AD
AT

IO
N

:

.

:

D
EN

SI
TY

M
AR

SH
AL

L
ST

AB
IL

IT
Y

a F
LO

W

Oo>

OTHER

•

SAMPLE LOCATION: Q LIBRARY Q PROCTOR ROOM ' O MAIN LAB Q CONCRETE LAS

SPECIAI IMSTRUCTIONS-



ATEC Environmental
" Services • stcnoi

Division of ATEC Associates, Inc.
5150 East 65th Street
Indianapoiis. Indiana 46220-4871
(317) 849-4990. FAX « (317) 849-4278

SU3NO/1NO3



5tCTit'K«C.:_7__
HVISICBM.! 0
Ml: S/it/jo
mi (r or 6.

IK HOUSE CHAIK OF CUSTODY

A7EC LAB KO.

~J>ATE RECEIVED________ CUEKT JOB KO..

MATRIX__________ . *W*1- « OF SAMPLES
CXTRACI10K REQUIRED « OR K)__OKGAK1C If/K__IKORCAK1C

EAHPLES PLACED IK COOLER: DATE_____TIKE

i
HEL1KQUISHED BY: SECUVLD BY:(AREA) DATE/IIKE

I

1
1 SAMPLES/EXTRACTS PLACED IK POST AKAWS1S STORACI BY.
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STANDARD OPERATING PROCEDURE
FOR ARSENIC AND ANTIMONY ANALYSIS

IEA, Inc. will be analyzing surface and subsurface waters collected from the Enviro-Chem site
for arsenic and antimony using the EPA Method 200.8 "Determination of Trace Elements in
Waters and Wastes by Inductively Coupled Plasma-Mass Spectroscopy," a copy of which is
included in this Appendix. Since the attached method is not a project specific SOP, this
introduction has been created to provide laboratory- and project-specific items regarding this
analysis.

1. Parameters to be Measured

Arsenic and antimony will be measured in subsurface and surface waters.

2. Range of Measurement

IEA has not yet completed a linear calibration range study. They expect to have
completed it before samples are collected for this project, and will report their results to
the water sampling contractor when they are available. The contractor will forward the
results to the USEPA and IDEM.

3. Method Detection Limit (MDL)

IEA has achieved the following detection limits with this method: 1.2 ug/1 for arsenic
and 0.2 ug/1 for antimony. Since the cleanup objective for arsenic is 0.0175 ug/1, the
sample will be concentrated 100 times so that a theoretical MDL of 0.012 ug/1 is
achieved.

4. Sample Matrix

The matrices for this project are subsurface and surface waters.



5. Principle, Scope, and Application

Please refer to Section 1 of the method for this information.

6. Interferences and Corrective Actions

Please refer to Section 4 of the method for this information.

7. Safety Precautions

Please refer to Section 5 of the method for this information.

8. Sample Size, Collection, Preservation, and Handling

Two liters of sample will be collected in Teflon containers that are pre-weighed and
labelled by the laboratory. IEA will obtain I-Chem 200 series bottles and send them to
the sample collection personnel. The samples should be preserved in the field by adding
ultra-pure nitric acid until the pH is less than 2. Subsurface water samples will be
filtered using a 0.45 u non-metallic filter. All samples will be stored at 4°C. The
holding time for these samples is 6 months from the date of collection.

9. Apparatus

A VG Plasmaquad ICP-MS is used with the following operating conditions:

o 1250 watts
o pulse counting mode
o 0.75 1/min nebulizer flow rate
o 3 integrations at 1 minute each
o 3 internal standards (Sc, Ho, and In) at 100 ug/1 each.

Also, an electron multiplier detector, as mentioned in Section 6.1.6, is used.



10. Routine Preventative Maintenance

The following are performed daily or whenever the instrument is used:

o Tune instrument.
o Check mass calibration.
o Check the cone for wear (includes monitoring for Ba+* and BaO), and replace

if necessary (extra cones are kept on the premises),
o Monitor vacuum settings.

Additionally, the detectors are changed whenever indicated by a drop in the intensity on
In. Currently, this occurs about every 6 to 8 months at IEA. Whenever a detector is
changed, the MDL study is re-done. IEA has a maintenance group that can perform
many of the maintenance and repair tasks on this equipment. The laboratory also has a
service contract with Fisions and will be able to get 24-hour turnaround on service by
the time these samples are collected.

11. Reagents and Calibration Standards

The reagents are described in Section 7 of the method. The calibration levels to be used
are as follows:

o Instrument calibration - 100 ug/1 each of arsenic and antimony. A blank is also
used for instrument calibration.

o Initial calibration verification (ICV) - arsenic at 200 ug/1, antimony at 120 ug/1.

o Continuing calibration - 100 ug/1 each of arsenic and antimony.

The spiking solution to be used will contain arsenic and antimony at 2 times the
MDL.

12. Calibration Procedures

Calibration is described in Section 9 of the method. The instrument calibration (using
a blank and the standard described above) then the ICV are performed before analyzing
any samples. The continuing calibration check is performed every 10 samples. If the



continuing calibration check results in a reading deviating by greater than 10% from the
standard, the instrument will be recalibrated and the previous samples reanalyzed.

13. Sample Preparation

o Record the weight of the sample, bottle, and label(s).

o Loosen bottle cap and place sample in microwave.

o Concentrate sample by evaporation. Check the sample periodically
to avoid over concentrating. Use a reference bottle containing the
desired final volume to aid in estimating the completion of the
concentration. It takes approximately 3 hours to complete a 100:1
concentration of a 2-liter sample.

o When concentration is complete, let sample cool, leaving the cap
loosened.

o Tighten cap.

o Weigh concentrated sample, bottle, and label.

o Calculate the concentration factor as follows:

weight (pre-conc.) - empty bottle (with label) = Cone, factor
weight (post-cone.) - empty bottle (with label)

14. Analytical Measurement

Please refer to Sections 11.3 through 11.8.

15. Data Treatment

Please refer to Section 12.



16. Data Deliverables

The following items will be in the data package, which will be sent to the contractor:

o Case narrative, briefly describing the sample preparation and analysis, problems
encountered, and corrective actions taken.

o Summary of initial and continuing calibrations,

o Summary of sample analytical results,

o Summary of QC sample analytical results,

o Raw data, including instrument printouts.

17. Quality Control Requirements

The laboratory blanks will be analyzed at the rate of one per group of 10 or fewer
samples. For both the laboratory and field blanks, the presence of elements at levels
greater than the MDL will indicate laboratory or field contamination of the samples.

The acceptance criteria for duplicates is ±20%.

Matrix spike samples (called "laboratory fortified sample matrix" in the method) will be
prepared and analyzed for every group of 20 or fewer samples. The acceptance criteria
for these samples is 85-115%.

18. References

Please refer to Section 14 of the method.
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METHOD 200.8 — DETERMINATION OF TRACE ELE-
MENTS IN WATERS AND WASTES BY INDUCTIVELY
COUPLED PLASMA-MASS SPECTROMETRY.

L SCORE AND APPLICATION
1.1 This method provides procedures for the determination
of dissolved elements in ground waters, surface waters and
drinking water supplies. It may also be used for the deter-
mination of total recoverable element concentrations in
these waters as wed as wastewaters. sludges and solid
waste samples.
1.2 Dissolved elements are determined after suitable filtra-
tion and acid preservation. Acid digestion procedures are
required prior to the determination of total recoverable
elements. In order to reduce potential interferences, the

dissolved solids level should not exceed 0.2% (w/v), see
4.1.4.
1J3 This method is applicable to the following elements:
Element Chemical Abstract Services

Registry Numbers (GAS RN)
Aluminum (AT) 7429-80-6
Antimony (Sb) 7440-36-0
Arsenic (As) 7440-38-2
Barium (Ba) 7440-39-3
Beryllium (Be) 7440-41-7
Cadmium (Cd) 7440-43-9
Chromium (Cr) 7440-47-3
Cobalt (Co) 744048-4
Copper (Cu) 7440-SO-*
Lead <Fb) 7439-02-1
Manganese (Mn) 7439-96-5
Molybdenum (Mo) 7439-9B-7
Nickel (NO 7440-02-0
Selenium (Se) 7782-49-2
Silver (Ag) 7440-22-4
Thalium (Tl) 7440-28-0
Thorium (Th) 7440-29-f
Uranium (U) 7440-61-1
Vanadium (V) 7440-62-2
Zinc (Zn) 7440-66-6

Estimated instrument detection limits for these ele-
ments are fisted In Table 1. These are Intended as a guide
to instrumental imfts typical of a system optimized for muW-
element determinations and employing commercial instru-
mentation and pneumatic nebuffzatfon Introduction. How-
ever, actual method detection 'limits and linear working
ranges will bedependent on the sample matrix, instrumen-
tation and selected operating conditions.
1A This method is suitable for the determination of silver
in aqueous samples containing concentrations up to 0.1
mg/L For the analysis of wastewaier samples containing
higher concentrations of silver, succeeding smaller vol-
ume, wed mixed sample aliquots must be prepared untO the
analysis solution contains <0.1 mg/L silver.
1JS This method should be used by analysts experienced in
the use of inductively coupled plasma-mass spectrometry
(ICP-MS). the interpretation of spectral and matrix interfer-
ences and procedures for their correction. A minimum of six
months experience with commercial instrumentation is
recommended
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2. SUMMARY OF METHOD
2.1 The method describes the mufti-element dete tation
of trace eiements by ICP-MS1-9. Sample material In solution
is Introduced by pneumatic nebullzation into a radtofre-
quency plasma where energy transfer processes cause
desolvation, atomlzation and ionization. The Ions are ex-
tracted from the plasma through a differentially pumped
vacuum Interface and separated on the basis of their mass-
to-charge ratio by a quadrupote mass spectrometer having
a minimum resolution capability of 1 amu peak width at 5%
peak height The tons transmitted through the quadruple
are registered by a continuous dynode electron multiplier or
Faraday detector and the ion information processed by a
data handling system. Interferences relating to the tech-
nique (section 4) must be recognized and corractad for.
Such corrections must include compensation for isobaric
elemental interferences and interferences from polyatomic
ions derived from the plasma gas, reagents or sample
matrix. Instrumental drift as weB as suppressions or en-
hancements of instrument response caused by the simple
matrix must be corrected for by the use of Internal stan-
dardization.

3. DEFINITIONS
3.1 DISSOLVED — Material that will pass through a 0.45
urn membrane filter assembly, prior to sample acidification.
3.2 TOTAL RECOVERABLE—The concentration of ana-
lyte determined on an unffltered sample fdowing treatment
with hot dilute mineral acid.
3.3 INSTRUMENT DETECTION LIMIT (IDL)—The con-
centration equivalent of the analyte signal, which is equal to
three times the standard deviation of the blank signal at the
selected analytical mass(es).
3.4 METHOD DETECTION UMIT {MDL)—The minimum
concentration of an analyte that can be identified, meas-
ured and reported with 99% confidence that the analyte
concentration is greater than zero and determined from
analysis of a sample in a given matrix containing analyte.
3.5 LINEAR DYNAMIC RANGE (LOR)—The concentra-
tion range over which the analytical working curve rematns-
Rnear.
3.6 LABORATORY REAGENT BLANK (LRB) (preparation
blank)—An aliquot of reagent waterthat is treated exactly
as a sample including exposure to afl glassware, equip-
ment, solvents, reagents, and Internal standards that are
used with other samples. The LRB is used to determine if
method anaiytes or other interferences are present hi the
laboratory environment, the reagents or apparatus.
3.7 CALIBRATION BLANK— A volume of ASTM type I
water acidified with the same acid matrix as is present hi the
calibration standards.
3.8 INTERNAL STANDARD—Pure Anatyte(8) added toa
solution in known amount(s) and used to measure the
relative responses of other method anaiytes that are com-
ponents of the same solution. The internal standard must
be an analyte that is not a sample component
3.9 STOCK STANDARD SOLUTION — A concentrated
solution containing one or more anaiytes prepared in the
laboratory using assayed reference compounds or pur-
chased from a reputable commercial source.

3.10 CALIBRATION STANDARD (CAL) — A solution
prepared from the stock standard solutlon(s) which is used
to calibrate the instrument response with respect to anaiyte
concentration.
3.11 TUNING SOLUTION — A solution which is used to
determine acceptable instrument performance prior to
calibration and sample analyses.
3.12 LABORATORY FORTIFIED BLANK (LFB) — An
aliquot of reagent water to-which known quantities of the
method anaiytes are added In the laboratory. The LFB is
analyzed exactly eke a sample, and-its purpose Is to
determine whether the method is within accepted control
limits.
3.13 LABORATORY FORTIFIED SAMPLE MATRIX (LFM)
—An aliquot of an environmental sample to which known
quantities of the method anaiytes are added in the labora-
tory. The LFM Is analyzed exactly like a sample, and its
purpose is to determine whether the sample matrix contrib-
utes bias to the analytical results. The background concen-
trations of the anaiytes In the sample matrix must be
determined in a separate aliquot and the-measured values
in the LFM corrected for the concentrations found
3.14 QUALITY CONTROL SAMPLE (QCS) —A solution-
containing known concentrations of method anaiytes de-
rived from externally prepared test materials. The QCS is
obtained from a source external to the laboratory and is
used to check laboratory performance.

4. INTERFERENCES
4.1 Several interference sources may cause inaccuracies
in the determination of trace elements by ICP-MS. These
are:
4.1.1 Isobaric elemental Interferences — are caused by
Isotopes of different elements which form singly or doubly
charged ions of the same nominal mass-to-charge ratio and
which cannot be resolved by the mass spectrometer in use.
AH elements determined by this method have, at a mini-
mum, one isotope free of isobaric elemental interference.
Of the analytical isotopes recommended for use with this
method (Table 4), oriyjiiu<yUfeiiuin-9e (ruthenium) and
selenlum-62 (krypton) have isobaric elemental interfer-
ences. If alternative analytical isotopes having higher natu-
ral abundance are selected in order to achieve greater
sensitivity, an isobaric interference may occur. An data
obtained under such conditions must be' corrected by
measuring the signal from another Isotope of the interfering
element and subtracting the appropriate signal ratio from
the Isotope of Interest A record of this correction process
should be included with the report of the data. It should be
noted that such corrections will only be as accurate as the
accuracy of the isotope ratio used in the elemental equation
for data calculations. Relevant isotope ratios and instru-
ment bias factors should be established prior to the appli-
cation of any corrections.
4.1.2 Abundance sensitivity — is a property defining the
degree to which the wings of a mass peak contribute to
adjacent masses. The abundance sensitivity is affected by
ion energy and quadrupole operating pressure. Wing over-
lap interferences may result when a small ion peak is being
measured adjacent to a large one. The potential for these
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interferences should be recognized and the spectrometer
resolution adjusted to minimize them.
4.1.3 Isobaric polyatomic ton interferences — are caused
by ions consisting of more than one atom which have the
same nominal mass-to-charge ratio as the isotope of Inter-
est, and which cannot be resolved by the mass spectrome-
ter in use. These ions are commonly formed In the plasma
or interface system from support gases or sample compo-
nents. Most of the common Interferences have been iden-
tified1, and these are listed in Table 2 together with the
method elements affected. Such interferences must be
recognized, and when they cannot be avoided by the
selection of alternative analytical isotopes, appropriate
corrections must be made to the data. Equations tor the
correction of data should be established at the time of the
analytical run sequence as the polyatomic ion interferences
will be highly dependent on the sample matrix and chosen
instrument conditions.
4.1.4 Physical interferences — are associated with the
physical processes which govern the transport of sample
into the piasrna, sample conversion processes in the plasma,
and the transmission of ions through the plasma-mass
spectrometer interface. These interferences may result in
differences between instrument responses for the sample
and the calibration standards. Physical interferences may
occur in the transfer of solution to the nebulizer (e.ff.
viscosity effects), at the point of aerosol formation and
transport to the plasma (e.g. surface tension), or during
excitation and ionization processes within the plasma itself.

High levels of dissolved soGds in the sample may
contribute deposits of material on the extraction and/or
skimmer cones reducing the effective diameter of the
orifices and therefore ion transmission. Dissolved solids
levels not exceeding 0.2% (w/v) have been recommended1

to reduce such effects. Internal standardization may be
effectively used to compensate for many physical interfer-
ence effects4. Internal standards should have similar ana-
lytical behavior to the elements being determined.
4.1.5 Memory interferences — result when isotopes of
elements In a previous sample contribute to the signals
measured in a new sample. Memory effects can result from
sample deposition on the sampler and skimmer oones. and
from the buildup of sample material In the plasma torch and
spray chamber. The site where these effects occur is de-
pendent on the element and can be minimized by flushing
the system with a rinse blank between samples (see 7.&3).
The possibility of memory interferences should be recog-
nized within an analytical run and suitable rinse times
should be used to reduce them. The rinse times necessary
for a particular element should be estimated prior to analy-
sis. This may be achieved by aspirating a standard contain-
ing elements corresponding to ten times the upper end of
the linear range for a normal sample analysis period, fol-
lowed by analysis of the rinse blank at designated intervals.
The length of time required to reduce anafyte signals to
vvitWnafaUwoften of the method detection fimlt. should be
noted. Memory interferences may also be assessed within
an analytical run by using a minimum of three repficate In-
tegrations for data acquisition. If the integrated signal
values drop consecutively, the analyst should be alerted to

the possibility of a memory effect, and should examine the
anafyte concentration in the previous sample to identify if
this was high. If a memory interference is suspected, the
sample should be re-analyzed after a long rinse period

5. SAFETY
5.1 The toxiclty or carcinogenia'ty of reagents used in this
method have not been fully established. Each chemical
should be regarded as a potential health hazard and
exposure to these compounds should be as low as rea-
sonably achievable. Each laboratory is respqnsfcle for
maintaining a current awareness file of OSHA regulations
regarding the safe handling of the chemicals specified in
this method1*. A reference file of material data handing
sheets should also be available to all personnel involved in
the chemical analysis.
5.2 Analytical plasma sources emit radiofrequency radia-
tion in addffion to intense UV raolation. Suitable precautions
should be taken to protect personnel from such hazards.

6. APPARATUS AND EQUIPMENT
6.1 INDUCTIVELY COUPLED PLASMA-MASS SPEC-
TROMETER
6.1.1 Instrument capable of scanning the mass range 5-250
amu with a minimum resolution capability of 1 amu peak
width at 5% peak height. Instrument may be fitted with a
conventional or extended dynamic range detection system.
6.12. Argon gas supply (high-purity grade, 99.99%).
6.1.3 A variable-speed peristaltic pump is required for
solution delivery to the nebulizer.
6.1.4 A mass-flow controller on the nebulizer gas supply is
required. A water-coded spray chamber may be of benefit
in reducing some types of interferences (e.g. from polyat-
omic oxide species).
6.1.5 Operating conditions — because of the diversity of
instrument hardware, no detailed instrument operating
conditions are provided. The analyst is advised to follow the
recommended operating conditions provided by the manu-
tacturer. It is the responsfcifity of the analyst to verify that
the instrument configuration and operating conditions sat-
isfy the analytical requirements and to maintain quality
control data verifying instrument performance and analyti-
cal results. Instrument operating conditions which were
used to generate precision and accuracy data for this
method (section 13) are included in Table 6.
6.1.6 If an electron multiplier detector is being used, precau-
tions should be taken, where necessary, to prevent expo-
sure to high ion counts. Otherwise changes in instrument
response or damage to the multiplier may result. Samples
having high concentrations of elements beyond the linear
range and with isotopes fading within scanning windows
should be diluted prior to analysis.
62 LABWARE — For the determination of trace levels of
elements, contamination and loss are of prime considera-
tion. Potential contamination sources include improperly
cleaned laboratory apparatus and general contamination
within the laboratory environment from dust. etc. A clean
laboratory work area, designated for trace element sample
hancffing must be used. Sample containers can introduce
positive and negative errors in the determination of trace



elements by (1) contributing contaminants through surface
desorption or leaching. (2) depleting element concentra-
tions through adsorption processes. AJ1 re-usable labware
(glass, quartz, polyethylene. Teflon etc.) Including the sample
container should be cleaned prior to use. Labware should
be soaked overnight and thoroughly washed with labora-
tory-grade detergent and water, rinsed with water, and
soaked for four hours In a mixture of dilute nitric and
hydrochloric acid (1 +2+9). followed by rinsing with water,
ASTM type I water and oven drying.

NOTE: chromic add must not be used for the cleaning
of glassware.
6.2.1 Glassware—volumetric flasks and graduated cylin-
ders.
6.2.2 Assorted calibrated pipettes.
6.2.3 Conical Phillips beakers. 250 mL with 50 mm watch
glasses. Griffin beakers. 250 mL with 75 mm watch glasses.
6.2.4 Storage bottles—narrow mouth bottles. Teflon FEP
(fluorinated ethylene propytene) with Tefzel ETFE (ethyl-
ene tetrafluoretnyiene) screw closure. 125 mL and 250 mL
capacities.
6.3 SAMPLE PROCESSING EQUIPMENT
6.3.1 Air Displacement Pipetter —digital pipet system
capable of delivering volumes from 10 to 2500 mtcroliters
with an assortment of high quality disposable pipet tips.
6.3.2 Balance—analytical, capable of accurately weighing
to 0.1 mg.
6.3.3 Hot Plate—(Coming PCI 00 or equivalent).
6.3.4 Centrifuge — steel cabinet with guard bowl, electric
timer and brake.
6.3.5 Drying oven — gravity convection oven with ther-
mostatlc control capable of maintaining 105*C±5*C.

7. REAGENTS AND CONSUMABLE MATERIALS
7.1 Reagents may contain elemental impurities which might
affect analytical data. Owing to the high sensitivity of ICP-
MS. high-purity reagents should be used whenever pos-
sible. Al acids used for this method must be ultra high-purity
grade. Suitable acids are avalabte from a number of manu-
facturers or may be prepared by sub-boiling d&Bation.
Nitric acid is preferred for ICP-MS in order to minimize
polyatomic ion interferences. Several polyatomic ion inter-
ferences result when hydrochloric acid is used (Table 2).
however, it should be noted that hydrochloric acid is re-
quired to maintain stability in solutions containing antimony
and silver. When hydrochloric add is used, corrections for
the chloride polyatomic ion interferences must be applied to
all data.
7.1.1 Nitric add. concentrated (sp. gr. 1.41).
7.1.2 Nitric acid (1+1) — add 500 mL cone, nitric acid to
1000 ml with ASTM type I water.
7.1.3 Nitric acid (1+9) — add 100 mL cone, nitric acid to
1000 ml with ASTM type I water.
7.1.4 Hydrochloric add. concentrated (sp.gr. 1.19).
7.1.5 Hydrochloric acid (1+1)—add 500 mL cone, hydro-
chloric acid to 400 mL of ASTM type I water and dilute to 1
liter.
7.1.8 Hydrochloric add (U4)—add 200 mL cone, hydro-
chloric acid to 1000 mL with ASTM type I water.
7.1.7 Ammonium hydroxide, concentrated (sp. gr. 0.902).

7.1.8Tartaricadd(CASRN 87-69-4).
7.2 WATER — For ail sample preparations and dilutions.
ASTM type I water (ASTM 01193} is required. Suitable
water may be prepared by passing distilled water through
a mixed bed of anion and cation exchange resins.
7.3 STANDARD STOCK SOLUTIONS — May be pur-
chased from a reputable commercial source or prepared
from ultra high-purity grade chemicals or metals (99.99-
99.999% pure). AB salts should be dried for one hour at 105
•C, unless otherwise specified. (CAUTION: Many metal
salts are extremely toxic If Inhaled or swallowed. Wash
hands thoroughly before handling). Stock solutions should
be stored in Teflon bottles. The following procedures may
be used for preparing standard stock solutions:

NOTE: Some metals, particularly those which form
surface oxides, require deaning prior to being weighed
This may be achieved by pickling the surface of the metal
in acid. An amount In excess of the desired weight should
be pickled repeatedly, rinsed with water, dried and weighed
until the desired weight is achieved.
7.3.1 Aluminum solution, stock 1 mL -1000 ug Al: Pickle
aluminum metal warm (1 +1) HCI to an exact weight of 0.100
g. Dissolve in 10 mL cone. HCI and 2 mL cone, nitric acid,
heating to effect solution. Continue heating until volume is
reduced to 4 mL. Cool and add 4 mL ASTM type I water.
Heat until the volume is reduced to 2 mL Cool and dilute to
100 ml with ASTM type I water.
7.3.2 Antimony solution, stock 1 mL »1000 ug Sb: Dissolve
0.100 g antimony powder in 2 mL (1 +1) nitric acid and 0.5
ml cone, hydrochloric acid, heating to effect solution. Cool,
add 20 mL ASTM type I water and 0.15 g tartaric add. Warm
the solution to Dissolve the white precipitate. Cod and dilute
to 100 mL with ASTM type I water.
7.3.3 Arsenic solution, stock 1 mL • 1000 ug As: Dissolve
0.1320 g As,©, in a mixture of 50 ml ASTM type I water and
1 mL cone, ammonium hydroxide. Heat gentry to dissolve.
Cool and acidify the solution with 2 mL cone, nitric acid.
Dilute to 100 mLwith ASTM type I water.
7.3.4 Barium solution, stock 1 mL -1000 ug Ba: Dissolve
0.1437 g BaCO,in a solution mixture of 10 mLASTM type
I water and 2 mL cone, nitric acid. Heat and stir to effect
solution and degassing. Dilute to 100 mL with ASTM type
(water.
7.3.5 Beryllium solution, stock 1 mL «1000 ug Be: Dissolve
1.965g BeSO^HpfDONOTDRY) in 50 mLASTM Type
I water. Add 1 mi cone, nitric add. Dilute to 100 ml with
ASTM Type (water.
7.3.6 Bismuth solution, stock 1 mL -1000 ug Bk Dissolve
0.1115 g 81,0, in 5 mi cone, nitric add. Heat to effect
solution. Cool and dDute to 100 mL with ASTM type I water.
7.3.7 Cadmium solution, stock 1 mL -1000 ug Cd: Fickle
cadmium metal in (1+9) nitric acid to an exact weight of
0.100 g. Dissolve in 5 mL (1+1) nitric acid, heating to effect
solution. Cool and dilute to 100 mLwith ASTM type I water.
7.3.8 Chromium solution, stock 1 mL * 1000 pg Cn
Dissolve 0.1923 g CrO, in a solution mixture of 10 mL ASTM
type I water and 1 mL cone, nrtrlcacid. Dilute to 100 mLwith
ASTM type I water.
7.3.9 Cobalt solution, stock 1 mL - 1000 pg Co: Pickle
cobalt metal in (1 +9) nitric acid to an exact weight of 0.100



g. Dissolve in 5 mL (1+1) nitric acid, heating to effect
solution. Cool and dilute to 100 mL with ASTM type 1 water.
7.3.10 Copper solution, stock 1 ml - 1000 ug Cu: Pickle
copper in metal. In (1 +9) nitric acid to an exact weight of
0.100 g. Dissolve In 5 ml (1 +1) nitric add, heating to effect
solution. Cool and dilute to 100 ml with ASTM type I water.
7.3.11 Indium solution, stock 1 mL + 1000 ug '"•' Pickle
indium metal in (1+1) nitric acid to an exact weight of 0,100
g. Dissolve in 10 mL (1+1) nitric acid, heating to effect
solution. Cool and dilute to 100 mL with ASTM type I water.
7.3.12 Lead solution, stock 1 mL « 1000 ug Pb: Dissolve
0.1599 g PbNO, in 5 mL (1 +1} nitric add. Dilute to 100 mL
with ASTM type I water.
7.3.13 Magnesium solution, stock 1 mL * 1000 ug Mg:
Dissolve 0.1658 MgO in 10 ml (1 +1) nitric add, heating to
effect solution, cool and dilute to 100 mL with ASTM type I
water.
7.3.14 Manganese solution, stock 1 mL « 1000 ug Mn:
Pickle manganese flakes in (1+9) nitric add to an exact
weight of 0.100 g. Dissolve in 5 ml (1*1) nitric acid, heating
to effect solution. Cool and dilute to 100 ml with ASTM type
I water.
7.3.15 Molybdenum solution, stock 1 mL « 1000 ug Mo:
Dissolve 0.1500 g MoO, in a solution mixture of 10 mL
ASTM type I water and 1 mL cone, ammonium hydroxide..
heating to effect solution. Cool and dilute to 100 ml with
ASTM type I water.
7.3.16 Nickel solution, stock 1 mL -1000 pg NI: Dissolve
0.100 g nickel powder in 5 mL cone, nitric acid, heating to
effect solution. Cool and dilute to 100 mL with ASTM type
I water.
7.3.17 Scandium solution, stock 1 ml»1000 ug Sc: Dis-
solve 0.1534 g Sc,O, in 5 ml (1+1) nitric acid, heating to
effect solution. Cool and dilute to 100 ml with ASTM type I
water.
7.3.18 Selenium solution, stock 1 mL « 1000 ug Se:
Dissolve 0.1405g SeO, in 20 mL ASTM type I water. Dilute
to 100 ml with ASTM type I water.
7.3.19 Silver solution, stock 1 mL »1000 ug Ag: Dissolve
0.100gsilver metal in5mf(Ul)nitricacid, heating to effect
solution. Cool and dilute to 100 mL with ASTM type I water.
Store in dark container.
7.3.20 Terbium solution, stock 1 mL«1000 ugTb: Dissolve
0.1176 g Tb4O7 In 5 mL cone, nitric acid, heating to effect
solution. Cool and dilute to 100 mL with ASTM type f water.
7.3.21 Thallium solution, stock 1 mL» 1000 pgTI: Dissolve
0.1303 g UNO, in a solution mixture of 10 mL ASTM type
I water and 1 mL cone, nitric acid. Dilute to 100 mL with
ASTM type I water.
7.3.22 Thorium solution, stock 1 mL. 1000 ugTh: Dissolve
0.2380 g ThfNO^HjO (DO NOT DRY) in 20 mL ASTM
type I water. Dilute to 100 mL with ASTM type I water.
7.3.23 Uranium solution, stock 1 mL «1000 ug U: Dissolve
0.2110 g UOjfNO^eHp (DO NOT DRY) In 20 mL ASTM
type I water and dilute to 100 mL with ASTM type I water.
7.3.24 Vanadium solution, stock 1 mL -1000 ug V: Pickle
vanadium metal in (1 +9) nitric acid to an exact weight of
0.100 g. Dissolve in 5 mL (1 +1) nitric acid, heating to effect
solution. Cool and dilute to 100 mL with ASTM type I water.
7.3.25 Yttrium solution, stock 1 mL -1000 pg Y: Dissolve

0.1270 g YtO3 in 5 mL (1+1) nitric acid, heating to effect
solution. Cool and dilute to 100 ml with ASTM type I water.
7.3.26 Zinc solution, stock 1 mL c 1000 pg Zn: Pickle zinc
metal in (1+9) nitric add to an exact weight of 0.100 g.
Dissolve in 5 mL (1 +1) nitric acid, heating to effect solution.
Cool and dilute to 100 mL with ASTM type I water.
7.4 MULTI-ELEMENT STOCK STANDARD SOLUTIONS
—Care must be taken in the preparation of multi-element
stock standards that the elements are compatible and
stable. Originating element stocks should be checked for
the presence of impurities which might influence the accu-
racy of the standard. Freshly prepared standards should be
transferred to acid cleaned, not previously used FEP fluoro-
carbon bottles for storage and monitored periodically for
stabifty. The following combinations of elements are sug-
gested:
Standard Solution A Standard Srrfiition B
Aluminum Manganese

•Antimony Molybdenum
Arsenic Nickel
Beryllium Selenium
Cadmium Thallium
Chromium Thorium
Cobalt Uranium
Copper Vanadium
Lead Zinc

Barium
Silver

•

Multi-element stock stard£.*d solutions Aand B(1 mL*
10 ug) may be prepared by diluting 1 mL of each single
element stock in the combination Ost to 100 mL with* AS TM
type 1 water containing 1 % (v/v) nitric add.
7.4.1 Preparation of calibration standards — fresh multi-
element calibration standards should be prepared every
two weeks or as needed. Dilute each of the stock multi-
element standard solutions A and B to levels appropriate to
the operating range of the instrument using ASTM type I
water containing 1%(v/v) nitric add. The element concen-
trations in the standards should be sufficiently high to
produce good measurement predston-aad to accurately
define the slope of the response curve. Concentrations of
200 ug/L are suggested. If the spiking procedure is being
used (9.2.1), add internal standards (7.5) to the calibration
standards and store in Teflon botdes. CaHbration standards
should be initially verified using a quality control sample
(7.8).
7.5 INTERNAL STANDARDS STOCK SOLUTION. 1 mL -
100 ug. Dilute 10 mL of scandium, yttrium, indium, terbium
and bismuth stock standards (7.3) to 100 mL with ASTM
type I water and store In a Teflon bottle. Use this solution
concentrate to spfte blanks, calibration standards and
samples, oroHute by an appropriate amount using 1%(v/v)
nitric acid, if the internal standards are being added by
peristaltic pump (9.2.2).
7.6 BLANKS—Three types of blanks are required for this
method. A calibration blank is used to establish the anafyti-
caJ caBxation curve, the laboratory reagent Wank is used to
assess possible contamination from the sample prepara-
tion procedure and to assess spectral background and the
rinse blank is used to flush the instrument between samples
in order to reduce memory interferences.



in order to reduce memory interferences.
7.6.1 Calibration blank—consists of 1 % (v/v) nitric acid in
ASTM type 1 water. If the direct addition procedure is being
used (9.2.1) add internal standards.
7.6.2 Laboratory reagent Wank (preparation blank)—must
contain all the reagents in the same volumes as used in
processing the samples. The preparation blank must be
carried through the entire sample digestion and preparation
scheme. If the direct addition procedure (9.2.1) Is being
used, add internal standards to the solution after the prepa-
ration is complete.
7.6.3 Rinse blank—consists of 2% (v/v) nitric acid in ASTM
type I water.
7.7TUNING SOLUTION—This solution is used for instru-
ment tuning and mass calibration prior to analysis. The
solution is prepared by mixing beryffium, magnesium, cobalt,
indium and lead stock solutions (see 7.3) in 1% (v/v) nitric
acid to produce a concentration of 100 ug/L of each ele-
ment. Internal standards are not added to this solution.
7.8 QUALITY CONTROL SAMPLE — The quatry control
sample will be available from the Quality Assurance Branch
EMSL- Cincinnati. Dilute an appropriate aliquot of anah/tes
(concentrations not to exceed 1000 pg/L). In 1% (v/v) nitric
acid. If the direct addition procedure (9.2.1) is being used.
add internal standards after dilution, mix and store In a
Teflon bottle.
7.9 LABORATORY FORTIFIED BLANK—To an aliquot of
reagent blank, add aEo/jots from multi-element stock stan-
dards A and B (7.4) to produce a final concentration of 200
pg/L for each anaryte. The fortified blank must be carried
through the entire sample digestion and preparation scheme.
If the direct addition procedure (9.2.1) Is being used, add
internal standards to this solution after preparation has
been completed.

8. SAMPLE COLLECTION, PRESERVATION AND
STORAGE

8.1 Prior to the collection of the sample, consideration
should be given to the type of data required so that -
appropriate preservation and pretreaiment steps can be
taken. Filtration, add preservation etc. should be per-
formed at the time of sample collection or as soon thereafter
as practically possible.
8.2 For the determination of dissolved elements, the sample
should be filtered through a 0.45 urn membrane fitter. Use
a portion of the sample to rinse the filter assembly, discard
and then collect the required volume of filtrate. Acidify the
filtrate with (t+1) nitric acid immediately foiowing fftration
to a pH of less than 2,
8.3 For the determination of total recoverable elements In
aqueous samples, acidify with (1 +1) nitric acid at the time
of collection to a pH of less than 2 (normally, 3 mLof [1 +1 ]
nitric acid per liter of sample is sufficient for most ambient
and drinking water samples). The sample should not be
filtered prior to analysis.

NOTE: Samples that cannot be acid preserved at the
time of collection because of sampling limitations or trans-
port restrictions, should be acidified whh nitric acid to a pH
of less than 2 upon receipt in the laboratory. FbBowfng acidi-
fication, the sample should be held for sixteen hours before

withdrawing an aliquot for sample processing.
8.4 SoOd samples usually require no preservation prior to
analysis other than storage at 4*C.

9: CALIBRATION AND STANDARDIZATION
9.1 CALIBRATION — Demonstration and documentation
of acceptable initial calibration is required before any samples
are analyzed and is required, periodically throughout sample
analysis as dictated by results of continuing calibration
checks. After initial calibration is successful, a calibration
check is required at the beginning and end of each period
during which analyses are performed, and at requisite
intervals.
9.1.1 Initiate proper operating configuration of instrument
and data system. Allow a period of not less than thirty
minutes for the instrument to warm up. During this process
conduct mass calibration and resolution checks using the
tuning solution. Resolution at low mass is indicated by
magnesium isotopes 24.25,26. Resolution at high mass is
kxficated by lead isotopes 206.207,208. For good perform-
ance adjust spectrometer resolution to produce a peak
width of approximately 0.75 amu at 5% peak height Adjust
mass calibration if h has shifted by more than 0.1 amu from
unit mass.
9.12. Instrument stability must be demonstrated by running
the tuning solution (7.7) a minimum of five times with
resulting relative standard deviations of absolute signals for
an analytes of less than 5%.
9.1.2 Prior to initial calibration, set up proper instrument
software routines for quantitative analysis. The instrument
must be calibrated for the analytes to be determined using
the calibration Wank (7.6.1) and calibration standards A and
B (7.4.1) prepared at one or more concentration levels. A
minimum of three replicate integrations are required for
data acquisition. Use the average of the integrations for
Instrument calibration and data reporting.
9.13 The rinse blank should be used to flush the system
between solution changes for blanks, standards and
samples. Aflow sufficient rinse time to remove traces of the
previous sample or a minimum of one minute. Solutions
should be aspirated for thirty seconds prior to the acquisi-
tion of data to allow equilibrium to be established.
9.2 INTERNAL STANDARDIZATION — Internal standaidi-
zationmustbeusedln ad analyses to correct for instrument
drift and physical Interferences. A fist of acceptable Internal
standards is provided in Table 3. For full mass range scans,
a minimum of three internal standards must be used.
Procedures described in this method for general applica-
tion, detail the use of five internal standards; scandium,
yttrium, indium, terbium and bismuth. These were used to
generate the precision and recovery data attached to this
method. Internal standards must be present in afl samples,
standards and blanks at identical levels. This may be
achieved by adding an aliquot of internal standards to the
solution (method 9.2.1), or alternatively by mixing with the
solution prior to nebulizatlon using a second channel of the
peristaltic pump and a mixing con (method 9.2.2). The
concentration of the internal standard should be sufficiently
high that good precision is obtained in the measurement of
the isotope used for data correction and to minimize the



possibility of correction errors if the internal standard is
naturally present in the sample. A concentration of 200 yg/
L of each Internal standard is recommended. Internal stan-
dards should be added to blanks, samples and standards
in a like manner; so that dilution effects resulting from the
addition may be disregarded.
9.3 INSTRUMENT PERFORMANCE — Check the per-
formance of the instrument and verify the calibration using
data gathered from analyses of calibration blanks, calibra-
tion standards and the quality control sample.
9.3.1 After the calibration has been established, it must be
initially verified for all anarytes by analyzing the QCS (7.6).
If measurements exceed ±10% of the established QCS
values, the analysis should be terminated, the source of the
problem identified and corrected, the instrument re-cafi-
brated and the calibration re-verified before continuing
analyses.
9.3.2 To verify that the instrument is properly calibrated on
a continuing basis, run the calibration blank and ca&bration
standards as surrogate samples after every ten analyses.
The results of the analyses of the standards will Indicate
whether the calibration remains valid. If the indicated con-
centration of any analyte deviates from the true concentra-
tion by more than 10%. reanalyze the standard. If the
analyte Is again outside the 10% Emit, the instrument must
be recalibrated and the previous ten samples re-analyzed.
The instrument responses from the calibration check may
be used for recalbration purposes. If the sample matrix is
responsible for the calibration drift, it is recommended that
the previous ten samples are re-analyzed in groups of five
between calibration checks to prevent a similar drift situ-
ation from occurring.

10. QUALITY CONTROL
10.1 Each laboratory using this method Is required to
operate a formal quality control (QC) program. The mini-
mum requirements of this program consist of an initial
demonstration of laboratory capability, and the analysis of
laboratory reagent blanks, fortified blanks and samples as
a continuing check on performance. The laboratory is re-
quired to maintain performance records that define the
quality of the data thus generated.
10.2 INITIAL DEMONSTRATION OF PERFORMANCE.
10.2.1 The initial demonstration of performance b used to
characterize instrument performance (method detection
limits and linear calibration ranges) for analyses conducted
by this method.
10.2.2 Method detection limits (MDL)—method detection
limits should be established for all analytes, using reagent
water (blank) fortified at a concentration of two to five times
the estimated detection Emit'. To determine MDL values,
take seven replicate aHquots of the fortified reagent water
and process through the entire analytical method. Perform
all calculations defined in the method and report the con-
centration values in the appropriate units. Calculate the
MOL as follows:

MDL-(t)x(S)
where, t.students't value for a 99% confidence level and
a standard deviation estimate with n-1 degrees of free-
dom [t e 3.14 for seven replicates].
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S - standard deviation of the replicate analyses.
Method detection limits should be determined every six

months or whenever a significant change in background or
instrument response is expected (e.g. detector change).
10.2J3 Linear calibration ranges — linear calibration ranges
are primarily detector limited. The upper limit of the linear
calibration range should be established for each analyte by
determining the signal responses from a minimum of three
different concentration standards, one of which is close to
the upper limit of the linear range. Care should be taken to
avoid potential damage to the detector during this process.
The linear calibration range which may be used for the
analysis of samples should be judged by the analyst from
the resulting data. Linear calibration ranges should be
determined every six months or whenever a significant
change in instrument response is expected (e.g. detector
change).
10.3 ASSESSING LABORATORY PERFORMANCE —
REAGENT AND FORTIFIED BLANKS
10.3.1 Laboratory reagent blank (LRB) — the laboratory
must analyze at least one reagent blank (7.6.2) with each
set of samples. Reagent blank data are used to assess
contamination from the laboratory environment arxi to
characterize spectral background from the reagents used
in sample processing. If an analyte value in the reagent
blank exceeds its determined MDL. then laboratory or
reagent contamination should be suspected. Any deter-
mined source of contamination should be corrected and the
samples re-analyzed.
10.3.2 Laboratory fortified blank (LFB) — the laboratory
must analyze at least one fortified blank (7.9) with each
batch of samples. Calculate accuracy as percent recovery
(see 10.4.2). If the recovery of any analyte fafls outside the
control Emits (see 10.3.3), that analyte is judged out of
control, and the source of the problem should be identified
and resolved before continuing analyses.
10.3.3 Until sufficient data become available from within
their own laboratory (usually a minimum of twenty to thirty
analyses), the laboratory should assess laboratory per-
formance against recovery limits of 65 -115%. When suf-
ficient internal performance data becomes available, de-
velop control limits from the percent mean recovery (x) and
the standard deviation (S) of the mean recovery. These
data are used to establish upper and tower control limits as
follows:

UPPER CONTROL LIMIT - x * 3S
LOWER CONTROL LIMIT . x - 3S

After each five to ten new recovery measurements, new
control limits should be ca'cu'ated using only the most
recent twenty to thirty data points.
10.4 ASSESSING ANALYTE RECOVERY — LABORA-
TORY FORTIFIED SAMPLE MATRIX
10.4.1 The laboratory mustaddaknown amount of analyte
to a minimum of 10% of the routine samples or one sample
per set, whichever is greater. Ideally for water samples, the
analyte concentration should be the same as that used in
the laboratory fortified blank (10.3.2). For soid samples, the
concentration added should be 50 mg/kg equivalent (100
pg/L in the analysis solution). Over time, samples from all
routine sample sources should be fortified.



10.4.2 Calculate the percent recovery for each analyte.
corrected for background concentrations measured in the
unfortified sample, and compare these values to the control
limits established In section 10.3.3 for the analyses of LFBs.
Recovery calculations are not required if the concentration
of the analyteis less than 10% of the sample background
concentration. Percent recovery may be calculated in units
appropriate to the matrix, using the following equation:

R-(C.-C)100/s
where, R = percent recovery.
C, - fortified sample concentration.
C « sample background concentration.
s « concentration equivalent of fortifier added to sample.

10.4.3 If the recovery of any analyte falls outside the
designated range, and the laboratory performance for that
analyte is shown to be in control (section 104). the recovery
problem encountered with the fortified sample is judged to
be matrix related, not system related. The result for that
analyte in the unspiked sample must be labelled •suspect/
matrix' to inform the data user that the results am suspect
due to matrix effects.
10.5 INTERNAL STANDARDS RESPONSES.
The analyst is expected to monitor the responses from the
internal standards throughout the sample set being ana-
lyzed. Ratios of the internal standards responses against
each other should be monitored routinely. This information
may be used to detect potential problems caused by mass
dependent drift, errors incurred in solution sparing or in-
creases In the concentration of individual internal standards
caused by background contributions from the sample. The
absolute response of any one internal standard should not
deviate more than 60-125% of the original response in the
calibration blank. If deviations greater than this are ob-
served, use the following test procedure:
10.5.1 Flush the instrument with the rinse blank and monitor
the responses in the calibration blank. If the responses of
the internal standards are now within the Imft. take a fresh
aliquot of the sample, dilute by a further factor of two. re-
spike with internal standards and re-analyze.
10.5.2 If test 10.5.1 is not satisfied, or K it b a Wank or
calibration standard that is out of Emits, terminate the
analysis, and determine the cause of the drift. Possible
causes of drift may be partially blocked sampling cone or a
change in the tuning condition of the instrument

11. PROCEDURE
11.1 SAMPLE PREPARATION — DISSOLVED ELE-
MENTS.
11.1.1 For the determination of dissolved elements in
drinking water, ground and surface waters, take a 100 mL
aliquot of the filtered acid preserved sample, and add 1 mL
of concentrated nitric add. If the spiking procedure (9.2.1)
is being used, add internal standards and mix. The sample
is now ready for analysis. Allowance for sample oUution
should be made in the calculations.

Note: If a precipitate is formed during acidification,
transport or storage, the sample aliquot must be treated
using the procedure in section 11.2.1 prior to analysis.
11.2 SAMPLE PREPARATION — TOTAL RECOVER-
ABLE ELEMENTS.

11.2.1 For the determination of total recoverable elements
in water or wastewater. take a 100 mL aliquot from a well
mixed, acid preserved, sample containing not more than
0.25% (w/v) total solids and transfer to a 250 mL Griffin
beaker. (If total solids are greater than 0.25% reduce the
size of the aliquot by a proportionate amount). Add 1 mL of
cone, nitric acid and 0.5 mL cone, hydrochloric acid. Heat on
a hot plate at 85*C until the volume has been reduced to
approximately 20 mL. ensuring that the sample does not
boll. A spare beaker containing approximately 20 mL of
water can be used as a gauge. (NOTE: Adjust the tempera-
ture control of hot plate such that an uncovered beaker
containing 50 mL of water located in the center of the hot
plate can be maintained at a temperature no higher than
85*C. Evaporation time for 100 mL of sample at 85«C is ap-
proximately two hours with the rate of evaporation increas-
ing rapidly as the sample volume approaches 20 mL).
Cover the beaker with a watch glass and reflux for thirty
minutes. Slight boiling may occur but vigorous boffing
should be avoided. Alow to cool and transfer to a 50 mL
volumetric flask or 50 mL dass A stoppered graduated
cylinder. Dilute to volume wJlhASTM type I water and mix.
Centrifuge the sample or allow to stand overnight to sepa-
rate insoluble material. Prior to analysis; pipette 20 mL into
a 50 mL volumetric flask, dilute to volume with ASTM type
I water and mix. If the direct addition procedure (9.2.1) is
being used, add internal standards and mix. The sample is
now ready for analysis. Because the stability of diluted
samples cannot be fully characterized, all analyses should
be performed as soon as possible after the completed
preparation.
113.2. For the determination of total recoverable elements
in sofki samples (sludge, soils, sediments), mix the sample
thoroughly to achieve homogeneity and weigh accuratelya
1.0 ± 0.01 g portion of the sample. Transfer to a 250 mL
Phifljps beaker. Add 4 mL (U1) nitric acid and 10 mL (1 +4)
HQ. Cover with a watch glass, and reflux the sample on a
hot plate for thirty minutes. Very slight boiling may occur,
however, vigorous boiling must be avoideoMo prevent the
loss of the HO szeotrope. (NOTE: Adjust the temperature
control of the hot plate such that an uncovered beaker
containing 50 mL of water located in the center of the hot
plate can be maintained at a temperature no greater than
85* C). ARow the sample to cool, and quantitatively transfer
to a 100 mL volumetric flask. Dilute to volume with ASTM
type I water and nix. Centrifuge the sample or allow to stand
overnight to separate insoluble materiaL Prior to analysis,
pipette 10 mL into a 50 mL volumetric flask and dilute to
volume with ASTM type I water, M thedtoect addition proce-
dure (9.2.1) is being used, add Internal standards and mix.
The sample Is new ready for analysis. Because the effects
of various matrices on the stabtfity of diluted samples
cannot be characterized, all analyses should be performed
as soon as possfcle after the completed preparation.

NOTE: Determine the percent solids In the sample for
use in calculations and for reporting data on a dry weight
basis.
1U For every new or unusual matrix, it is highly recom-
mended that a semi-quantitative analysis be carried out to
screen for high element concentrations. Information gained
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from this may be used to prevent potential damage to the
detector during sample analysis and to identify elements
which may be higher than the linear range. Matrix screening
may be earned out by using Intelligent software, if available,
or by diluting the sample by a factor of 500 and analyzing in
a semi-quantitative mode. The sample should also be
screened for background levels of all elements chosen for
use as internal standards in order to prevent bias in the
calculation of the analytical data.
11.4 Initiate instrument operating configuration. Tune and
calibrate the instrument for the analytes of interest (see
sections).
11.5 Establish instrument software run procedures for
quantitative analysis. For all sample analyses, a minimum
of three replicate Integrations are required for data acquisi-
tion. Discard any integrations which are considered to be
statistical outliers and use the average of the integrations
for data reporting.
11.6 All masses which might affect data quality must be
monitored during the analytical run. As a minimum, those
masses prescribed in Table 4 must be monitored in the
same scan as Is used for the collection of the data. This
information should be used to correct the data for identified
interferences.
11.7 The rinse blank should be used to flush the system
between samples. Allow sufficient time to remove traces of
the previous sample or a minimum of one minute. Samples
should be aspirated for thirty seconds prior to the collection
of data.
11.8 Samples having concentrations higher than the estab-
lished linear dynamic range should be diluted into range
and re-analyzed. The sample should first be analyzed for
the trace elements in the sample, protecting the detector
(ram the high concentration elements, if necessary, by the
selection of appropriate scanning windows. The sample
should then be diluted for the determination of the remain-
ing elements. Alternatively, the dynamic range may be
adjusted by selecting an alternative isotope of lower natural
abundance, provided quality control data for that Isotope
have been established. The dynamic range must not be
adjusted by altering instrument conditions to an unchar-
acterized state.

12. CALCULATIONS
12.1 Elemental equations recommended for sample data
calculations are listed In Table 5. Sample data should be
reported In units of ug/L for aqueous samples or mg/kg dry
weight for solid samples. Do not report element concentra-
tions below the determined MDU
12.2 For data values less man ten, two significant figures
should be used for reporting element concentrations. For
data values greater than or equal to ten. three significant
figures should be used.
12.3 Reported values should be calibration blank sub-
tracted. For aqueous samples prepared by total recover-
abte procedure 11.2.1. multiply solution concentrations by
the dilution factor 1.25. For solid samples prepared by total
recoverable procedure 11.2L2, multiply solution concentra-
tions (ug/L In the analysis solution) by the dilution factor 0.5.
If additional dilutions were made to any samples, the

appropriate factor should be applied to the calculated
sample concentrations.
12.4 Data values should be corrected for instrument drift or
sample matrix induced interferences by the application of
internal standardization. Corrections for characterized
spectral interferences should be applied to the data. Chlo-
ride interference correction should be made on all samples,
regardless of the addition .of hydrochloric acid, as the
chloride ion is a common constituent of environmental
samples.
12JS If an element has more than one monitored Isotope,
examination of the concentrations calculated for each iso-
tope, or the isotope ratios, wi provide useful information for
the analyst in detecting a possible spectral interference.
Consideration should therefore be given to both primary
and secondary isotopes in the evaluation of the element

ntration. In some cases, the secondary isotopes may
be less sensitive or more prone to Interferences than the
primary recommended isotopes, therefore deferences
between the results do not necessarily indicate a problem
with data calculated for the primary isotopes.
12.6 The QC data obtained during the analyses provide an
indication of the quality of the sample data and should be
provided with the sample results.

13. PRECISION AND ACCURACY
13.1 Instrument operating conditions used for single labo-
ratory testing of the method are summarized in Tab's 5.
Total recoverable method detection limits determined us-
ing the procedure described in 10.2.2, are listed in Table 7.
13.2 Data obtained from single laboratory testing of the
method are summarized in Table 8 for five water samples
representing drinking water, surface water, ground water
and waste effluent Samples were prepared using the
procedure described In 11.2,1. For each matrix, five repfi-
cates were analyzed and the average of the repflcates used
for determining the sample background concentration for
each element Two further pairs of duplicates were fortified
at different concentration levels. Fofeach swtfwdstemsnt,
the sample background concentration, mean spike percent
recovery, the standard deviation of the percent recovery
and the relative percent difference between the duplicate
fortified samples are listed in Table 8.
13.3 Data obtained from single laboratory testing of the
method are summarized in Table 9 for three sofid samples
consisting of SRM1645 River Sediment, EPA Hazardous
Soil and EPA Electroplating Sludge. Samples were pre-
pared using the procedure described in 11.22. For each
method element, the sample background concentration,
mean percent recovery, the standard deviation of the
percent recovery and the relative percent difference be-
tween the duplicate spates were determined as for 13.2.
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TABLE 1. ESTIMATED INSTRUMENT DETECTION-
UMITS METHOD 200.8

ELEMENT RECOMMENDED
ANALYTICAL MASS

Aluminum 27
Antimony 121
Arsenic 75
Barium 137
Beryllium 9
Cadmium 111
Chromium 52
Cobalt 59
Copper 63
Lead 206.207,208
Manganese 55
Molybdenum 98
Nickel 60
Selenium 82
Silver 107
Thallium 205
Thorium 232
Uranium 238
Vanadium 51
Zinc 66

ESTIMATED IDL
(ug/L)

0.05
0.08
09
0.5
0.1
0.1
CL07
0.03
0.03
0.08
0.1
0.1

5
0.05
0.09
0.03
0.02
0.02
0.2

Instrument detection Emits (3s) estimated from seven repfieate
scans of the blank (1% v/v nitric add) and three repBcate
integrations of a mutt-element standard.

NH*
OH-
OH/
<V
CN*
CO
N/N!H»
NO-
NOH*<v

CO/
CO,H*

TABLE 2. COMMON MOLECULAR ION

BACKGROUND MOLECULAR IONS
Mass Element Interference*

15
17
18
24
26 "
28
28
29
30
31
32
33
37
39
41
44
45
52
54
55
56
57
76
78

-AT,- 80
•Method elements or Intern*! standards affected by the molecular tons.

TABLE 2 (Continued).
MATRIX MOLECULAR IONS

CHLORIDE
Mass Element Interference

51 V
52 Cr
53 Cr
54 Cr
75 As
77 Se
SULPHATE

Mass Element Interference
48
49
50
51
64
72
74

PHOSPHATE
Mass Element Interference

ArN-
AnNH*
ArO-
ArOH-
«Ar»Ar

Sc
Cr
Cr
Mn

Se
Se
Se

Molecular Ion

*CIOH*
"OO*

Molecular Ion
"SO*
«SOH*
"SO*
"SOH-
so,-,s/

V.Cr
V
2n

Molecular Ion
PC-
POH-
*VArP-

Molecular ton
AfNa-
AiK*
ArCa-

47
48
63
71

GROUP I,
Mass

63
79
80

Cu

II METALS
Element Interference

Cu



ArCa-

Molecular Ion
TiO
ZrO
MoO

80
MATRIX OXIDES*
Masses Element Interference
62-66 Ni.CoZn

106-112 Ag.Cd
108-116 Cd

'Oxide interferences will normally be very smaH and will
only impact the method elements when present at rela-
tively high concentrations. Some examples of matrix
oxides are listed of which the analyst should be aware. It
is recommended that TI and Zr isotopes are monitored In
solid waste samples, which are likely to contain high
levels of these elements. Mo is monitored as a method
analyte.

TABLE 3. INTERNAL STANDARDS AND
LIMITATIONS OF USE

Internal standard Man Possible Limitation
•Lithium 6 a
Scandium 45 rjolyatomte ion interference
Yttrium 89 a, b
Rhodium 103
Indium 115 isobaric interference by Sn
Terbium 159
Holmium 165
Lutetium 175
Bismuth 209 a
•May be present in environmental samples.
• In some Instruments Yflnum may form measurable amounts

of YO- (105 amu) and YOH-( 106 amu). If this is the case.
care should be taken in the use of the cadmium elemental
correction equation.

Internal standards recommended for use with this method
are shown in bold face. Preparation procedures for these
are included in section 7.3.

TABLE 4. RECOMMENDED ANALYTICAL ISOTOPES
AND ADDITIONAL MASSES WHICH MUST

BE MONITORED
Isotope Element of Interest
27. Aluminum
121.123 Antimony
25 Arsenic
135JL3Z Barium
3 Beryffium
106.108011.114 Cadmium
52,53 Chromium
59 Cobatt
63.65 Copper
9Qfi,9Q7,2nB Lead
55 Manganese
95.97.sa Molybdenum
£0,62 Nickel
77.82 Selenium
10Z109 Silver
203.2JQ5 Thafium
232 Thorium
228 Uranium
51 Vanadium
fifi.67.68 - Zinc

83 Krypton
99 Ruthenium
105 Palladium

118 TOT
NOTE: Isotopes recommended for analytical determina-

tion are underlined.

TABLE 5. RECOMMENDED ELEMENTAL
EQUATIONS FOR DATA CALCULATIONS

Element Elemental-Equation Note
AJ (1.000)(»C)
Sb (1.000)(«C)
As (1.000)ro 3̂.127)[("CM0.815)(«zC)] (1)
Ba (1.000)0*0)
Be (1.000)(«C)
Cd (1.000)(«"CH1.073)K'aiCH0.712)(I-C)l (2)
Cr (1.000){«C) (3)
CO (1.000)("C)
Cu (LOOOITO
Pb (1.000)(**C)+(1.000){«fCM1.000){«»C) (4)
Mn (1.000)(«C)
Mo (1.000)("CH0.146)rC) (5)
Ni (1.000)(«O
Se (1.000)(«C)
Ag . (1.000}(WC)
TI (1.000)(«C)
Th (1.000)P»C)
U (t.OOO)(*»C)
V (1.000)(stCH3.127)r(BCH0.113)rC)J (7)
Zn (1.000)(«C)
Bi (1.000)(*"C)
In (1.000)CWCH0.016)(1«C) (8)
Sc (t.OOO)(«C)
Tb (1.000){«C)
Y (1.000)(-C)
C -r- calibration blank subtracted counts at sptdfltd mass.
(1) — correction (or chloride interference with adjustment (or

Se77. ArCt 75/77 ratio may be determined from the reagent
- blank.
(2) — correction for MoO Interference. An adcUonal isobaric

elemental correction should be made if patadlum Is present.
(3)—In 0.4% v/V HO. me background from CtOH wfO normally be

small However the contribution may be estimated from the
reagent blank.

(4)—aRowance for isotope variability of lead Isotopes.
(5] — isobaric elemental correction for ruthenium.
(6) — some argon suppDes contain krypton as an impurity.

Selenium h corrected for Kr82 by background subtraction.
(7) •— correction for chloride interference with adjustment for CrSl

CIO 51/53 ratio may be determined from the reagent blank.
(8)—Isobaric elemental correction for tin.

TABLE 6. INSTRUMENT OPERATING CONDITIONS
FOR PRECISION AND ACCURACY DATA

Instrument VG PlasmaOuad Type I
Plasma forward power 1.35kW
Coolant flow rate 13.5 L/mK
Auxiliary flow rate 0.6Urnin.
NebuDzer flow rate 0.78L/min.
Solution uptake rate 0.6 mL/mrn.



Spray chamber temperature
Data Acquisition
Detector mode
Replicate integrations
Mass range
Dwell time
Number of MCA channels
Number of scan sweeps
Total acquisition time

15-C

Pulse counting
3
8-240 amu
320 us
2048
85
3 minutes per sample

Th <0.1 10 109.0
U 0.23 10 110.7
V <2JS 50 101.4
Zn 5.2 50 103.4

0.7 1.8 100 106.0 1.4 3.8
1.4 3.5 100 107.8 0.7 1.9
0.1 0.4 200 97.5 0.7 2.1
3.3 7.7 200 96.4 0.5 1.0

TABLE 7. TOTAL RECOVERABLE METHOD
DETECTION LIMITS

ELEMENT RECOMMENDED MOL*
ANALYTICAL MASS AQUEOUS SOLIDS

pg/L mg/kg
Aluminum 27 1.0 0.4
Antimony 121 0.4 02
Arsenic 75 1.4 0,8
Barium 137 OB 0.4
Beryllium 9 0.3 0.1
Cadmium 111 0.5 0.2
Chromium 52 0.9 0.4
Cobalt 59 0.09 0.04
Copper 63 0.5 0.2
Lead 206,207.208 0.6 0.3
Manganese 55 0.1 0.05
Molybdenum 98 CL3 0.1
Nickel 60 0.5 0.2
Seienium 82 7.9 32
Sflver 107 0.1 OjOS
Thallium 205 0.3 0.1
Thorium 232 0.1 OJOS
Uranium 238 , 0.1 0.05
Vanadium 51 2.5 1.0
Zinc 66 1.8 0.7
•MOL concentrations are computed for original matrix with aJtow-

ance for sample dilution during preparation.

TABLE 8. PRECISION AND RECOVERY DATA IN
AQUEOUS MATRICES

DRINKING WATER
Sample Low Average High Average

Eton** Concn. Spite Rmvwy S(R) RPDSp** fHomq XH) fVO
(UO/L) (ygrtj Rf%) (pQ/L) R(*)

Al 175 50 115.8 5.9 0,4 200 102.7 1.8 1.1
Sb <0.4 10 99.1 0,7 2.0 100 100.8 0.7 2.0
As <1.4 50 99.7 0.8 22. 200 10£5 1.1 23
Ba 43.8 50 94.8 3.9 5.8 200 95.6 0.8 1.7
Be <OJ 10 113.5 0.4 0.9 100 111.0 0.7 1.8
Cd <0.5 10 97.0 Z8 8.3 100 101.5 0.4 1.0
Cr <0.9 10 111.0 3.5 9.0 100 99.5 ai 0.2
Co 0.11 10 94.4 0.4 1.1 100 93.6 <L5 1.4
Cu 3.6 10 101.8 8.817.4 100 91.6 0.3 0.3
Pb 0.87 10 97.8 2,0 2.8 100 99.0 0.8 22.
Mn 0.96 10 96.9 1.8 4.7 100 95.8 0.8 1.8
Mo 1.9 10 99.4 1.6 3.4 100 98.6 0.4 1.0
Ni 1.9 10 100.2 5.713.5 100 952 0.5 1.3
Se <7.9 50 99.0 1.8 5.3 200 93JS 3.510.7
Ag <0.1 50 100.7 1.5 42 200 99.0 0.4 1.0
TI <0.3 10 97.5 0.4 1.0 100 98^ 1.7 4.9

S(R) Standard deviation of percent recovery.
RPD Relative percent difference between duplicate spike deter-
minations.
< Sample concentraiton below estabfished method detection Emit
* Spike concentration <1 0% of sample background concentration.

TABLE 8. PRECISION AND ACCURACY DATA IN
AQUEOUS MATRICES (Cont).

WELL WATER
Sample Low Average High Average

Spfca Rtcovmy S{R) RPO Spfc* Rcoavwy S(RJ RPO

Al 34.3 50 100.1 3.9 0.8 200 102.6 1.1 1.3
Sb 0.46 10 98.4 0.9 1.9 100 102.5 0.7 1.9
As <1.4 50 110.0 6.416.4 200 101.3 0.2 0.5
Ba 106 50 95.4 3.9 3.3 200 104.9 1.0 1.6
Be <0.3 10 104.5 0.4 1.0 100 101.4 1.2 3.3
Cd 1.6 10 88.6 1.7 3.8 100 98.6 0.6 1.6
Cr <0.9 10 111.0 0.0 0.0 100 103.5 0.4 1.0
Co £4 10 100.6 1.0 1.6 100 104.1 0.4 1.0
Cu 37.4 10 104.3 5.1 1.5 100 100.6 0.8 1-5
Pb 3.5 10 95.2 2.5 1.5 100 99.5 1.4 3.9
Mn2770 10 * • 1.8 100 • ' 0.7
Mo 2.1 10 103.8 1.1 1.6 100 102.9 0.7 1.9
Ni 11.4 10 116.5 6.3 6.5 100 99.6 0.3 0.0
Se <7.9 50 127.3 8.418.7 200 101.3 02 0.5
Ag <0.1 50 99.2 0.4 1.0 200 101.5 1.4 3.9
TI <0.3 10 93.9 0.1 0.0 100 100.4 1.8 5.0
Th <0.1 10 103.0 0.7 1.9 100 104.5 1.8 4.8
U 1.8 10 106.0 1.1 1.6 100 109.7 2.5 6.3
V <ZJS 50 105.3 0.8 2.1 200 105.8 0.2 0.5
Zn 554 50 • • 1.2 200 102.1 5.5 3.2
S(R)Standard deviation of percent recovery.
RPDReiaflve percent difference between dupBcate spike determi-

nations.
<Sample concentration below established method detection fimft.
'Spike concentration < 1 0% of sample background concentration,

TABLE 8. PRECISION AND ACCURACY DATA IN
AQUEOUS MATRICES (Cont).

POND WATER
Sample Low Average High Average

B«nMlConcn.Spk» Rceowwy SfR) RPO Spite R«em«y S<A) RPO
<pg/L (ugflj R(%) IvgM R(y.)

Al 610 50 • • 1.7 200 78.2 9.2 5.5
Sb <0.4 10 101.0 1.1 2.9 100 101.5 3.0 8.4
As <1.4 50 100.8 2.0 5.6 200 96.8 0.9 2.6
Ba 28.7 50 102.1 1.8 2.4 200 102.9 3.7 9.0
Be <0.3 10 109.1 0.4 0.9 100 114.4 3.9 9.6
Cd <0.5 10 106.6 3.2 8.3 100 105.8 2.8 7.6
Cr 2.0 10 107.0 1.0 1.6 100 100.0 1.4 3.9
Co 0.79 10 101.6 1.1 2.7 100 101.7 1.8 4.9
Cu 5.4 10 107.5 1.4 1.9 100 98.1 23 6.8
Pb 1.9 10 108.4 1.5 3.2 100 106.1 0.0 0.0
Mn 617 10 • * 1.1 100 139.011.1 4.0
Mo 0.98 10 104.2 1.4 3.5 100 104.0 2.1 5.7



Ml 2.5 10 102.0 2.3 4.7 100 102£ 2.1 5.7
Se <7.9 50 102.7 5.615.4 200 105.5 1.4 3.8
Ag 0.12 50 102.5 0.8 2.1 200 105.2 2.7 7.1
TI <0.3 10 108.5 32 8.3 100 105.0 ̂ 8 7.6
Th 0.19 10 93.1 3.510.5 100 933 1.6 4.8
U 0.30 10 107.0 2.8 7.3 100 107.2 1.8 4.7
V 3.5 50 96.1 5.214.2 200 101.5 0.2 0.5
Zn 6.8 50 99.8 1.7 3.7 200 100.1 Z8 7.7
S(R)Standard deviation of percent recovery.
RPDRelative percent difference between dupfcate spike determi-

nations.
<Sample concentration betow estabfished method detection Imlt
"Spike concentration <10% of sample background concentration.

TABLE 8. PRECISION AND ACCURACY DATA IN
AQUEOUS MATRICES (Cont).

SEWAGE TREATMENT PRIMARY EFFLUENT
Sample Lew Average High Average

EteMMCoiai. Seto R«oa»«ry S(R) RPO Spte ftaoMiy S(R) RPO
(pg/L) (pg/L) R(%) (pg/l) RW

Al 1150 50 • 3.5 200 100.013.8 1.5
Sb 1.5 10 95.7 0.4 0.9 100 104.5 0.7 1.9
As <1.4 50 104.2 4.512.3 200 101.5 0.7 2JQ
Ba 202 50 792 9.9 2J& 200 108.6 4.6 5.5
Be <0.3 10 110.5 1.8 4.5 100 106.4 0.4 0.9
Cd 9.2 10 101.2 1.3 0.0 100 1023 0.4 0.9
Cr 128 10 ' 1.5 100 102.1 1.7 0.4
CO 13.4 10 95.1 2.7 22 100 99.1 1.1 2.7
Cu 171 10 ' * 2.4 100 1052 7.1 0.7
Pb 17.8 10 95.7 3.8 1.1 100 102.7 1.1 2.S
Mn 199 10 • • 1.5 100 103.4 2.1 0.7
Mo 136 10 * ' 1.4 100 105.7 2.4 2.1
Ni 84.0 10 88.4 16.3 4.1 100 98,0.9 0.0
Se <7.9 50 112,0 10.927.5 200 108.8 3.0 7.8
Ag 10.9 50 97.1 0.7 1.5 200 102.6 1.4 3.7
TI <0.3 10 97.5 0.4 1.0 100 1024) 0.0 0.0
Th 0.11 10 15.4 1.830.3 100 29.3 0.8 82
U 0.71 10 109.4 1.8 4.3 100 1093 0.7 1.8
V <2J5 50 90.9 0.9 0.6 200 99.4 2.1 6.0
Zn 163 50 85.8 3.3 0.5 200 102.0 1.5 1.9
S(R)Standard deviation of percent recovery.
RPDRetatfve percent difference between dupflcata spike determi-

nations.
<Sampte concentration below established method detection Imft
'Spike concentration <10% of sample background concentration.

TABLE 8. PRECISION AND ACCURACY DATA IN
AQUEOUS MATRICES (Cont).

INDUSTRIAL EFFLUENT

Cu 101
Pb 294
Mn 154
Mo1370

10
10
10
10

0.9 100 92.5 2.0 1.6
2.6 100 108.4 2.1 0.0
2.8 100 103.6 3.7 1.6
1.4 100 • • 0.7

Eton
Sample

•ntConcn.
Low Average

S(R) RPO
High
Sf*»

Average
Awovwyspi) RPO

(pgrtj (ug/l) RW (pg/L) R(£)
Al 44.7
Sb2990
As
Ba
Be
Cd
Cr
Co

<1.4
100
<0.3
10.1

171
1.3

50
10
50
50
10
10
10
10

98.8
*

75.1
96.7

103.5
106.5

*

90.5

8.7
•
1.8
5.5
1.8
4.4
*

32

5.7
03
6.7
3.4
4.8
2.4
0.0
8.7

200
100
200
200
100
100
100
100

90.4
•

75.0
102.9
100.0
97.4

127.7
90.5

2.1
•
0.0
1.1
0.0
1.1
2.4
0.4

22
0.0
0.0
0.7
0.0
2.8
1.7
1.3

Ni 17.3 10 107.4 7.4 5.0 100 88.2 0.7 1.0
Se 15.0 50 129.5 9.315.1 200 118.3 1.9 3.6
Ag <0.1 50 91.8 0.6 1.7 200 87.0 4.916.1
71 <0.3 10 90.5 1.8 5.5 100 98.3 1.0 2.8
Th 0.29 10 109.6 12" 2.7 100 108.7 0-0 0.0
U 0.17 10 104.8 2.5 6.6 100 109.3 0.4 0.9
V <2JS 50 74.9 0.1 0.3 200 72.0 0.0 0.0
Zn 43.4 50 85.0 4.0 0.6 200 97.8 1.0 0-4
S(R)Standard deviation of percent recovery.
RPDRelative percent difference between dupfcate spike determi-

nations.
<Sampie concentration betow established method detection limit
'Spike concentration <10% of sample background concentration.

TABLE 9. PRECISION AND ACCURACY DATA IN
SOLID MATRICES

EPA HAZARDOUS SOIL *884
SunpU Low Average High Average

BtMMnConctk Sofc* R«covwy S(R) RPO Sok* fUeo»«ty SffO RPO
(ngftg) (i*Q*e) R<*) (*B*o) - R(%)

Al 5170 20 * ' - 100 . ' w -
Sb 5.4 20 69.8 2£ 4.7 100 70.4 1.8 6.5
As 8.8 20 104.7 5.4 9.1 100 102.2 22 5.4
Ba 113 20 54.9 63.618.6 100 91.0 9.8 0.5
Be 0.6 20 100.1 0.6 1.5 100 102.9 0.4 1.0
Cd 1.8 20 97.3 1.0 1.4 100 101.7 0.4 1.0
Cr 83.5 20 86.7 16.1 8.3 100 105.5 1.3 0.0
Co 7.1 20 98.8 1.2 1.9 100 102.9 0.7 1.8
Cu 115 20 86.3 13.8 3.4 100 102.5 4.2 4.6
Pb 152 20 85.0 45.013.9 100 151.725-723.7
Mn 370 20 • • 12.7 100 85.210.4 2.2
Mo 4.8 20 95.4 1.5 2.9 100 95.2 0.7 2.Q
Ni 19.2 20 101.7 3.8 1.0 100 102.3 0.8 0.8
Se <32 20 79.5 7.426.4 100 100.7 9.426.5
Ag 1.1 20 96.1 0.6 0.5 100 94.8 0.8 2.3
tl 0.24 20 94.3 1.1 3.1 100 97.9 1.0 2.9
Th 1.0 20 69.8 0.6 1.3 100 76.0 2.2 7.9
U 1.1 20 100.1 0.2 0.0 100 102.9 0.0 0.0
V 17.8 20 1092 4.2 2.3 100 106.7 1.3 2.4
Zn 128 20 87.0 27.7 5.5 100 113.412.914.1
S(R)Standard deviation of percent recovery.
RPDRelative percent difference between duplicate spike determi-
nations.
<Sample concentration betow established method detection Omit.
•Spike concentration <10%of sample background concentration.
•Not determined
+Equivafent.

ICPInformatlnn



TABLE 9. PRECISION AND ACCURACY DATA IN
SOLID MATRICES (Cont).

NBS 1645 RIVER SEDIMENT
SampM Low Average High Average

EhnwniCoaen. Spfc* taovwy S(R) RPO Spto RM0v«nrS(R) RPO

TABLE 9. PRECISION AND ACCURACY DATA IN
SOLID MATRICES (Cont).

EPA ELECTROPLATING SLUDGE9286
Sample Low Average High Awag.

EtemmCom. Sph. to»«y »R) RPO So*, R^ ŷ S(R) HP

Al 5060 20
Sb 21.8 20
As 67.2 20
Ba 54.4 20
Be 0.5920
Cd BJ3 20
Cr29100 20
Co 7.9
Cu 112
Pb 742
Mn 717
Mo 17.1
Nl 41.8
Se <3.2
Afl 1.8
Tl 1.2
Th 0.90
U 0.79
V 21.8
Zn 1780

20
20
20
20
20
20
20
20
20
20
20
20
20

*

73.9
104.3
105.6
88,8
92.9

e>

97.6
121.0

•

*

89.8
103.7
108.3
94.8
91.2
91.3
95.6
91.8
•

• - 100
6.5 9.3 100

13.0 7.6 100
4.9 2.8 100
02 0.5 100
0.4 0.0 100
• «JU>- 100
1.3 2.6 100
0.1 1.5 100
e> 4 — —- 100
* 4M4t- 100
8.1 1201 100
6.5 4.8 100

14.337.4 100
1.6 4.3 100
1.3 3.6 100
0.9 2.6 100
1-8 5.0 100
4.6 5.7 100
• - 100

«r*j•

81.2
107.3
98.6
87.9
95.7
•

103.1
105.2

**

98,4
1022
93.9
962
94.4
92L3
9&S

100.7
•>

•

1.5 3.9
2.1 2.9
22 3.9
0.1 0.2
1.4 3.9•

0.0 0,0
22 1.8
— —

0.7 0.9
0.8 0.0
5V015.1
0.7 1.9
0.4 1.3
0.9 2.8
12 3£
0.6 0.8•

(ragmg)

Al 5110
Sb 8.4
As 41.8
Ba 27.3
Be 0.25
Cd 112
Cr7980
Co 4.1
Cu 740
Pb1480
Mn 295
Mo 13J3
Nl 450
Se 3.5
Ag 5.9
TI 1.9
Th 3.6
U 2.4
V 21.1
*7«*4 *V9AA

(fng/kq!

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
tf*4h

I «f»)
*

55.4
91 JO
1.8

92.0
85.0
•

89.2
*

e>

•

82.9
•

89.7
89.8
96,9
91.5

107.7
105.6

•

"1.5 4.1
2JZ 1.7
7.1 -8.3
0.9 2.7
5̂  1.5
•

1.8 4.6
' 6.0
*

*

1.2 1.3
' 6.8
3.7 42
2.1 4.6
0.9 2.4
1.3 3.2
2.0 4.6
1.8 2.1

<mo*oj

100
100
100
100
100
100
100
100
100
100
100
100
1HO
100
100
100
100
100
100

R<%)
* e>

61.0 0.2 0.
94-2 JIB 1.
0 1.510.

93.4 0.3 0.
88.5 0.8 0.
• *

88.7 1.5 4.
61.720.4 5.
• •

89.2 0.4 1.(
83X10.0 4..'
91.0 6.018.C
85.1 0.4 1.1
96J9 0.9 2.<
97.4 0.7 it

109.6 0.7 1.£
97.4 1.1 2.5_. ..— -w - 1UO

S(R) Standard deviation of percent recovery.
RPO Relative percent difference between dupficate spfce deter-

minations.
< Sample concentration below estabEshed method detection fmft.
* Spike concentration <10% of sample background concentration.
- Not determined.
•fEquivalent

^niojuu k» 100 *
S(R) Standard deviation of percent recovery.
RPD Relative percent difference between dupficate spike deter-

minations.
< Sample concentration below established method detection imt
* Spike concentration <10% of sample background concentration.
-Not determined.
+ Equivalent
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D. Sample Custody

Due to the critical nature of the samples analyzed, IEA maintains strict security within the
laboratory. Entrances to the laboratory are secured through the use of an electronic card
access system. Visitors to IEA must enter through the lobby and sign in at the reception
desk. Visitors to the office and/or laboratory must be accompanied by an employee at all
times.

Samples are received in the shipping receiving department by the sample custodian or by an
authorized member of the department. Upon receipt, the shipping container and the
individual sample containers are inspected for damage. If any damage is present, a note is
made in the project file, and the project manager or customer service department is notified.
All sample information supplied by the client is reviewed and checked against the samples
received. The number and type of samples received and the identity tags/labels are checked
against the information supplied.

Each sample is assigned an IEA sample number. The IEA sample number is a combination
of the IEA Client Number, IEA Client Project Number and the Sample Sequence Number.

Example: Sample number 789-100-2 refers to the second sample in the one
hundredth project submitted by IEA client 789.

Each container is labelled with the assigned IEA sample number. If multiple containers are
received for a single sample a unique alpha character is added to the end of the sample
number assigned to each container. This practice allows each analysis to be traced to a
single container.
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Each sample received is listed in the IEA Sample Check-In Log with the IEA sample
number, client ID number, a complete description of each sample received, sample condition
at the time of receipt, date of receipt, sample numbers or identifiers and any problems
encountered in the course of receiving the samples. The receipt of chain-of-custody records
(Attachment 1/SectionD) with the sample shipment is also noted on the check-in log.

A Project Data Sheet (Attachment 2/Section D) is completed for each set of samples
received. This form serves as the primary source of information for the laboratory. The
number and type of samples and sample containers received for the project are listed on the
Project Data Sheet as well as type of analysis required, type of report required, turn around
time and degree of chain-of-custody documentation required.

In-lab chain-of-custody records (Attachment 3/Section D) are maintained for each sample
when requested by the client. For these samples, the in-lab chain-of-custody record is
initiated upon sample receipt. Each movement of a sample or sample extract container into
and out of the locked refrigerator system is recorded with date, time, bottle number, action
(check in or check out), and signature of the individual accepting or relinquishing
responsibility of the sample. The chain-of-custody records are kept in the associated project
folder.

After receipt, samples are housed in lockable refrigerators. Samples are removed from the
refrigerators by authorized employees for analysis and returned to the locked refrigerator
system after completion of the analysis. Throughout the analytical process, each sample is
either in the possession of authorized laboratory personnel or secured in a lockable
refrigerator inside the secured laboratory area.

Analytical data reports are kept in filing cabinets which are locked at the end of each
business day. Sensitive documents are shredded prior to disposal.
In situations where IEA is requested to send sample containers out of our facility, we use a
cooler known as a Transpak. This is a corrugated cardboard box lined with an insulated
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insert. Foam packaging in the inserts preclude container movement and breakage as the
holes are cut specifically for protocol-required containers. These Transpaks come in several
sizes, and they can be requested by contacting the Client Services Department of IEA - North
Carolina. Sampler instructions (Attachment 4/Section D) are included with each Transpak.
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Attachment 1 / Section D



an environmental
testing company
3000 WESTON PKWY.
GARY, N.C. 27513

CHAIN OF CUSTODY RECORD
REGULATORY CLASSIFICATION - PLEASE SPECIFY

DNPDES D DRINKING WATER D RCRA Q OTHER

NO: 23800

PROJECT # PROJECT NAME REQUESTED PARAMETERS

SAMPLERS: (SIGNATURE)

SAMPLE
I.D. DATE TIME STATION LOCATION

~f ' t
__I. ... ._L

RELINQUISHED BY (SIGNATURE)

RELINQUISHED BY (SIGNATURE)

DATE

DATE

TIME

TIME

RECEIVED BY

RECEIVED FOR LAB BY

DATE

DATE

TIME IEA QUOTE NO.

TIME PROJECT MANAGER (PLEASE PRINT)

IEA RUSH NO.

P.O. NO.

IEA REMARKS FIELD REMARKS
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Attachment 2 I Section D



•M^V^ tl*H. f;-*, -_'^ASGHy^Mj

L^-

TELEPHONE:

PURCHASE ORDER NO.

BILLING ADDRESS

DASUSTED D OTHER (See Below)

Tiash # | Client I.D. | Sampling Date | Job Codes | Test Codes | Bottle Size | Location

—

—

—

—

•

-

-
i

r-'. '::-~: -' .:-•$, *;; '•V COMMENTS -•••'•&^ î-;i>V£:A-; ^;-.-- :. . " '-: 1 TURNAROUND REQUIREMENTS I

:̂ftS8
D NORMAL

DRUSH

t̂ 3^N0¥OFV.i-,V:' - '
WORKDAYS (3) .

15

PRICING
FACTOR

1.0 X

X

Date Samples Received I Report Due Date I Lab Due Date Carrier

MATRIX: CUSTOMER SIGNATURE:

LABX£>MPLET!ON_ FINAL REVIEW.
(Initials) Date

(1) amples received after 2:00 pm will be assigned the date of the following workday.
(2) epresents the date that results are shipped to the customer.
(3) _ <cludes weekends and holidays.

Date
DATE SHIPPED.

(Initials) Date
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Attachment 3 / Section D



[EA Corporation

Sample Management Chain of Custody

EPA ID:

Log-In By

Matrix: S / W

Date:

SAMPLE IN

Bottle Date Time Code Init.

IE A ID:

SAMPLE OUT

Date Time Location Init.

Bottles letters available:

Applicable codes are:

Verified by:
Init.

EX = Extraction
TR = Transfer
DI = Dispose
ST = Storage

Date



IEA Corporation

GC/MS Chain of Custody

EPA ID:

Log-In By

Matrix: S / W

Date:

SAMPLE IN

Bottle Date Time Code Init.

EEA ID:

SAMPLE OUT

Date Time Location Init.

Bottles letters available:

Applicable codes are:

Verified by:
Init.

AN = Analyze
TR = Transfer
DI = Dispose
ST = Storage

Date
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Attachment 4 / Section D
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ATTENTION!

SAMPLE INSTRUCTIONS

PLEASE FILL EVERY BOTTLE PROVIDED. IF THIS IS NOT
POSSIBLE, IMMEDIATELY CONTACT lEA'S CLIENT

SERVICES DEPARTMENT AT (919) 677-0090 IN ORDER TO

AVOID UNNECESSARY DELAYS IN ANALYSIS.

ALL SAMPLES SHOULD BE RECEIVED WITHIN 24 HOURS
OF SAMPLING. SAMPLES RECEIVED AFTER 24 HOURS

FROM SAMPLING MAY REQUIRE ACCELERATED
TURNAROUND IN ORDER TO MEET PROTOCOL HOLDING

TIME REQUIREMENTS.

PLEASE RETURN COOLANT PACKS WITH THE
TRANSPAK.
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SAMPLER INSTRUCTIONS

This sample package has been prepared for you with the objective of helping to maintain the
integrity of your samples. It is therefore vital that you read and follow these instructions.

1. Carefully open the sample package and check the contents. If any bottles are
missing, broken, or damaged, call the laboratory immediately at 919-677-0090.

2. Remove and freeze the freezer packs included with the shipping container for at least
eight hours. They must be solidly frozen upon packing the samples for return
shipment. The freezer packs will maintain a sufficiently cool temperature for
approximately 72 hours.

3. Note the following before sampling:

3.1 40ml Volatile Vials

40ml volatile vials must not contain any air bubbles. Fill the vial to just below
the point of overflow, until there is a convex meniscus (see picture at the left).
Carefully slide the teflon insert over the meniscus, teflon (stiff) side down
(against the sample). Screw the cap on the vial, and check for air bubbles. If
air bubbles are present, repeat the capping procedure, or draw another sample,
if necessary. Volatile bottles do not normally contain preservative chemicals.

3.2 Bacteria Sampling Bottles

Handle sterile bacteria sampling bottles carefully to avoid contamination. Do
not open the bottles until ready to sample. Fill to within half an inch of the
top, and tighten the cap securely.
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3.3 Other Sampling Bottles

Some sample bottles contain strong acids or bases as preservatives. These
bottles have color coded cautionary labels. Handle with care. Do not pre-
rinse or overfill bottles having color coded cautionary labels. Tighten cap
securely when filled. The color code used is as follows:

Red: Preserved with nitric acid
Yellow: Preserved with sulfuric acid
Blue: Preserved with hydrochloric acid
White: No preservative
Green: Preserved with sodium hydroxide

(basic) solution

4. Complete the sample tags and labels by filling in the sample I.D., sampling address,
the sampling point, date and time (24 hr. format; for example: 8:00 am = 0800
hours or 10:00 pm = 2100 hours). Indicate if the sample is a grab or composite.
The sampler should initial at the appropriate space.

5. Make sure all caps are secure, and attach labels and tags to correct bottles. Repack
the samples for return shipment to the laboratory, making sure to include the freezer
packs. Ship by a route which will ensure delivery within 72 hours.

6. If you have any questions, call lEA's sample receiving department, or our client
representative, at 919-677-0090 between 8:00 am and 5:00 pm Monday through
Friday.



WARNING!!!

40ML VIALS FOR

VOLATILE ANALYSES

(602, 8020, 624 or 8240)

ARE PRESERVED WITH

CONCENTRATED HCL.

PLEASE USE CAUTION

WHEN HANDLING THESE

VIALS.
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DATA REDUCTION AND REPORTING
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The data associated with each analysis are hardcopied for permanent storage either through
the printing of computer files or through hand entry into bound laboratory notebooks. All
notebook entries are dated and signed by the analyst. Standardized notebook and logbook
requirements include the following:

(01) Preprinted pages
(02) Prenumbered pages
(03) Bound logbooks
(04) Document controlling of logbooks
(05) Archival of old logbooks
(06) Acceptance criteria in logbook
(07) Making corrections
(08) Secondary review of logbook entries

Notebook entries, or any other general laboratory records, must be made in blank ink. Any
logbook or notebook entries that are corrected are made by using a one-line strikeout in black
ink. All corrections are signed and dated.

Data reduction includes all processes that change either the form of expression (i.e., the units
of measure) or the quantity of data values (rounding). It often involves statistical and
mathematical analysis of data and usually results in a reduced subset of the original data set.
Data reduction is performed either manually by the analyst or by computer systems
interfaced to the analytical instruments. Whenever such procedures are employed within the
laboratory Network, mathematical procedures have been verified for accuracy of
computation.

All data are subjected to a multilevel review. All data reports are reviewed by the
department supervisor prior to release for final report generation. A cross section of data
reports are reviewed by the Laboratory Director. All final data reports are reviewed by a
member of the senior technical staff prior to release to the client. It is the responsibility of
the Quality Assurance Manager to review a random sample of five percent of final reports
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prior to shipment. The members of the senior technical staff and Quality Assurance are not
members of the analytical production laboratories.

Out-of-control conditions identified by the analyst, supervisor, manager or technical staff
member are investigated, corrected and documented. Out-of-control conditions which are
caused by the sample itself, are addressed in a project narrative in the final report.

All elements of the lEA-North Carolina Quality Assurance Program must be satisfied before
a data report may be released to the client.
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I. Performance and System Audits

Each quarter the overall performance of the laboratory staff is evaluated and compared to the
performance criteria outlined in the quality assurance manual and the standard operating
procedures. The Quality Assurance Manager conducts a laboratory audit to evaluate the
performance of the laboratory staff and compares that performance to the requirements of the
quality assurance program. During this process, the records, standard operating procedures
and adherence to those standard operating procedures are examined. The results of the audit
process are summarized and issued to each department supervisor and the Laboratory
Director.

Known intralaboratory performance samples are analyzed in the form of sample spikes,
duplicates and duplicate sample spikes on a continuing basis. Two (2) such samples are
processed for every twenty (20) production samples.

"Blind" intralaboratory performance audits are conducted monthly. Samples containing
known analyte concentrations are introduced into the laboratory as client samples. These
samples are analyzed and reported in the same manner as normal production samples. The
results and the true values of each sample are reported to the department supervisors and the
Laboratory Director upon receipt of the data by the Quality Assurance Manager.

IEA participates in interlaboratory performance audits through the various state and federal
certification programs. IEA is an active participant in the U.S. Environmental Protection
Agency's Contract Laboratory Program (CLP) and the U.S. Army Corps of Engineers
accreditation program. A list of lEA-North Carolina certifications, as well as those for our
other six network laboratory operations, summarizes our analytical capabilities (Attachment
1/Section I).
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Attachment 1 / Section I
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STATE CERTIFICATIONS
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DW -Drinking Water certification program
WW -Wastewater certification program
HW -Hazardous Waste certification program
Y -Laboratory has some form of certification under the specific program.
None -No program currently exists in this State, therefore, certification is not

available.
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L. Corrective Action

Corrective actions can be initiated at several operational levels; however, they always
involve QA personnel. In each case, after an assessment of the situation, appropriate steps
are taken to correct the problem. Depending on the severity of the problem, corrective
actions may be taken at the analyst level, department level, or within the entire laboratory.
IEA recognizes the importance of corrective action to maintain a high quality program. In
this light, all data are reviewed for completeness, accuracy, and compliance with QC criteria
both within the analytical laboratory by peer review and by the department supervisor or
manager.

In general, there are three major types of corrective actions which may be initiated at IEA:

Sample Problems

Individual samples or matrix problems are usually handled within the analytical
laboratory. Corrective actions may include complete reextraction,
repreparation, analysis, clean-up, dilutions or matrix modifications. All
actions taken are documented with the analytical results.

PC Batch Problems

An entire batch of samples may require corrective action if QC criteria are not
met. Department managers and QA staff are involved in the decisions for
actions which include reanalysis, reextraction, etc. The QA department
personnel review both sets of data where applicable to determine if the
problems have been resolved.

Systematic Problems

Those problems of a procedural nature are handled by the laboratory managers
and QA manager. For major operational changes, initiation of such are made
only after approval by the QA manager and the Laboratory Director.
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APPENDIX F.I

FIELD MEASUREMENTS OF pH



Field HeasurewEftts of pH

: Electrcmetric measurement of pH

Sensitivity; 0.1 pH Unit

1 - \2 pH Units

sarnie MpagnnCTppnf en-site upon sanple collection

1. pH meter (Orien Model 211 min-pH meter or equivalent)

2. combination electrodes

3. Beakers or plastic cups

4. pH buffer solutions, pH 4, 7, and 10

5. Deicnized water in squirt bottle
6. All glassware shall be soap and water washed, followed by two hot water

rinses and two deionized water rinses.

1. Place electrode in pH 7 buffer solution.

2. After allowing several minutes for meter to stabilize, turn calibraiton
dial until a reading of 7.00 is obtained.

3. Rinse electrode with deionized water and place in pH 4 or pH 10 buffer
solution.
NOTE: When calibrating the meter for sanples with pH < 8.00, use

buffers 7 and 4; and, for sanples with pH > 8.00, use buffers
pH 7 and 10.

4. Wait several minutes and then turn slope adjustment dial until a reading
of 4.00 or 10.00 is obtained.

5. Rinse electrode with deionized water and place in buffer pH 7. If meter

-19-89 TUE 9 :56 15887288 P . 0 4



reading is not 7.00, repeat steps 2-5.

1. calibrate the meter according the calibraiton procedure.

2. Four sample Into a clean beaker or plastic cup.

3. Place the electrode in the sanple solution. Make sure the white KCl
junction on side of electrode is in solution. Ihe level of electrode
solution shall be one inch above sample to be measured.

4. Record the reading along with the temperature of the solution in the
field/laboratory logbook.

5. Rinse electrode with deionized water between samples. Recheck
calibration with pH 7 buffer solution after every 5 samples.

6. Repeat step 2-5 for each sanple.

1. Recheck calibration with pH 7 buffer solution after every 5 samples. One
reading shall not exceed 7.00 +0.01 pH unit.

2. If , during meter calibration or calibration check, the meter fail to
read 4.00 or 10.00, something may be wrong with the electrode, me cause
shall be investigated and corrected. If problem lies in the electrode,
the electrode shall be replaced.

3. pH is temperature dependent analysis. Therefore the tenperature of
buffer and smaples shall be recorded. The difference of tenperature
between the buffer solutions and samples snail be within about 2°C.
For refrigerated or cooled samples, refrigerated or cooled buffer
solutions shall be used to calibrate the meter.

4. When not in use, the electrodes shall be stored in pH 4 buffer.

5. Weak organic acids, inorganic salts, and oil and grease interferes the
pH measurements. If oil and grease are visible, note it on the field
logbook and data sheet. Clean the electrode with soap and water, ,
followed with 10% HC1. Thai recalibrate the meter.

6. Before going into the field:

Tne following preparations shall be performed:

a. Check batteries;

0-19-89 TUE 9:57 15807288 P.05



b. Calibration at pH 7 and 4 to check the electrode.
c. Obtain fresh buffer solutions.

7. Following field measurements s
a. Report any problems;
b. compare with previous data;
c. Clean all dirt off meter and inside case;
d. Mate sure electrode is stored in pH 4 buffer.

1. fPA. Method No. 150.1, "Methods for Chemical analysis of Water
and Wastes" 1979, Revised 1983.

T- 1 9 - 8 9 TUF q - S 7 TOTAL P.06
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APPENDIX F.2

FIELD MEASUREMENTS OF
SPECDIC CONDUCTANCE AND TEMPERATURE



Field Maasurenaots of Specific Conductance
and

MEthojJ: specific conductance, urihos at 25°c

i: l unho/an at 25°C

»: 0.1 - 100,000 umhos/cm

;: Measure on-site upon sample collection

1. Conductivity meter (Y5I or equivalent) and electrodes

2. Deionized water in squirt bottle.

3. Stock potassium chloride soultion, 1.00 N : Dissolve 74.555 g of KC1
in Milli-Q water and dilute to 1,000 ml in a 1-liter volumetric flask.

4. Standard potassium chloride solution, 0.0100 N : Plpet 10 ml of stock
solution into 1,000 ml volumetric flask and dilute with irulli-Q water
to the mark.

Procedures:

1. With mode switch at off position, check meter zero, if it can not be
zero, use meter screw and adjust to zero.

2. Plug probe into jack on side of meter.
3. Turn mode switch to red line, and turn red line knob until need aligns

with red line on dial. Oiange batteries if it can not be aligned.

4. Totally immerse probe in sanple. Note: Do NOT allow the probe to
touch the sample container.

5. lurn mode switch to appropriate conductivity scale, X100, X10, or XI.
Use a scale Uiat will give a mia-range output en the meter.

6. Wait for the needle to stabilize (about 15 seconds) and record
conductivity nultiplying by scale setting in field logbook.

7. While gently agitating the probe, take sample temperature (°c) and
record in field logbook.
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8. Rinse probe with deionized water.

9. Calculate specific conductivity using the following equation:

{ 1-t- 0.02 (T-25) }

Where:

625 - conductivity at 25°C, unhos/on

T = Tarperature of sanple, °C

Op - conductivity of sample at tenperature o9c,
urohos/cm

10. Record specific conductivity and tenperature in the field logbook, and
on appropriate data sheet. Report results for the standard solution with
each data set.

11. Record on field logbook which meter and probe were used.

nnntrol;

1. After use, the mater mist be wiped clean as possible.

2. After returning to the laboratory, ccnpare results with previous data,
and report any problems encountered to the lab personnel.

3. Recheck calibration after every 5 sanples.

1. QA Method No. 120.1, "Methods for Chemical Analysis of Water and wastes."
1979, revised 1983.

2. Standard Methods, 15th Edition.
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